WHAT IS CLAIMED IS: 
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1 . A method of treating a hydrocarbori containing formation in situ, comprising: 
providing heat from one or mqre heat sources to at least one portion of the 
formation; 

allowing the heat to transfer /torn the one or more heat sources to a selected 
section of the formation; 

controlling the heat from trie one or more heat sources such that an average 
temperature within at least a majority of the selected section of the formation is less than 
about 375 °C; and 

producing a mixture fro/n the formation. 
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2. The method of claim 1, wherein the one or more heat sources comprise at least two 
heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

3. The method of claim I, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

4. The method of cla^m 1, wherein the one or more heat sources comprise electrical 
heaters. 



25 



5. The method of cpaim 1, wherein the one or more heat sources comprise surface 
burners. 



6. The method of claim 1, wherein the one or more heat sources comprise flameless 
distributed combustors. 



30 7. The method lof claim 1, wherein the one or more heat sources comprise natural 
distributed compustors. 
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8. The method of claim 1, further comprising controlling a pressure and a temperature 
within at least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, o/ the temperature is controlled as a function of 
pressure. 

9. The method of claim 1, further comprising controlling a pressure within at least a 
majority of the selected section of th§f formation with a valve coupled to at least one of 
the one or more heat sources. 

10. The method of claim 1, further comprising controlling a pressure within at least a 
majority of the selected section cff the formation with a valve coupled to a production 
well located in the formation. 



15 11. The method of claim 1, fiirther comprising controlling the heat such that an average 
heating rate of the selected section is less than about 1 °C per day during pyrolysis. . 
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12. The method of claim y, wherein providing heat from the one or more heat sources to 
at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity(C v ), and 
wherein the heating py/x)lyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = /z*F*(L'v7?5 

wherein Pwr] is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 
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13. The method of claim 1, wherein allowing the heat to transfer from the one or more 
heat sources to the selected section comprises transferring heat substantially by 
conduction. j 

14. The method of claim 1, wherein providing heat from the one or more heat sources 
comprises heating the selected section such that a thermal conductivity of at least a 
portion of the selected section is greater than about 0.5 W/(m °C). 

15. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

16. The method of claim 1, wtterein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons aire olefins. 

17. The method of claim y, wherein the produced mixture comprises non-condensable 
hydrocarbons, and whereon a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges frdin about 0.001 to about 0.15. 

18. The method of claim 1, wherein the produced mixture comprises non-condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the non- 
condensable hydrocarbons are olefins. 

19. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and/wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

20. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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21. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

5 / 

22. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

10 23. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

24. The method of claim 1, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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25. The method oy claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, ana wherein less than about 0.3 % by weight of the condensable 
hydrocarbons a^e asphaltenes. 



25 



30 



26. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensabWhydrocarbons are cycloalkanes. 

27. The method of claim 1, wherein the produced mixture comprises a non-condensable 
component wherein the non-condensable component comprises hydrogen, and wherein 
the hydrogen is greater than about 10 % by volume of the non-condensable component 
and wherein the hydrogen is less than about 80 % by volume of the non-condensable 
component. 
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28. The method of claim 1, wherein the produced mixture comprises ammonia, and 

wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

/ 

29. The method of claim 1, wherein the producea mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

30. The method of claim 1, further comprising controlling a pressure within at least a 
majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. / 

31. The method of claim 1, further comprising controlling formation conditions such that 
the produced mixture comprises a partial pressure of H2 within the mixture greater than 
about 0.5 bar. / 

32. The method of claim 31, where/n the partial pressure of H 2 is measured when the 
mixture is at a production well. / 

33. The method of claim 1, whefrein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

34. The method of claim 1, further comprising altering a pressure within the formation to 
inhibit production of hydrocarbons from the formation having carbon numbers greater 
than about 25. / 

35. The method of claim/ 1, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 
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36. The method of claim 1, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a pc/rtion of the produced hydrogen. 

leat to transfer comprises increasing a 
;o greater than about 100 millidarcy. 

38. The method of claim 1, wherein allowing tide heat to transfer comprises substantially 
uniformly increasing a permeability of a majority of the selected section. 

10 / 

39. The method of claim 1, further comprising controlling the heat to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

40. The method of claim 1, wherein p/oducing the mixture comprises producing the 

15 mixture in a production well, and wherein at least about 7 heat sources are disposed in the 
formation for each production well/ 

41. The method of claim 1, further comprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three or more of the heat sources 

20 are located in the formation in/a unit of heat sources, and wherein the unit of heat sources 
comprises a triangular pattern. 

42. The method of claim 1, further comprising providing heat from three or more heat 
sources to at least a portion/of the formation, wherein three or more of the heat sources 

25 are located in the formation in a unit of heat sources, wherein the unit of heat sources 
comprises a triangular pattern, and wherein a plurality of the units are repeated over an 
area of the formation to form a repetitive pattern of units. 

43. The method of claimil, further comprising separating the produced mixture into a gas 
30 stream and a liquid stream. 



5 37. The method of claim 1 , wherein allowing the 
permeability of a majority of the selected section, 
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44. The method of claim 1, further comprising separating the produced mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. / 

5 45. The method of claim 1, wherein the produced mixture comprises H2S, the method 
further comprising separating a portion of the H2S from non-condensable hydrocarbons. 

46. The method of claim 1, wherein the produced mixture comprises CC>2 5 the method 
further comprising separating a portion of the Cp2 from non-condensable hydrocarbons. 

10 

47. The method of claim 1, wherein the mixi 
wherein the heating is controlled such that tl 
formation as a vapor. / 

15 48. The method of claim 1, wherein the mixture is produced from a production well, the 
method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within theAvellbore. 

49. The method of claim 1, wherein pe mixture is produced from a production well, 
20 wherein a wellbore of the production well comprises a heater element configured to heat 
the formation adjacent to the wellbore, and further comprising heating the formation with 
the heater element to produce the mixture, wherein the mixture comprises a large non- 
condensable hydrocarbon gas component and H2. 

25 50. The method of claim 1, wherein the minimum pyrolysis temperature is about 270 °C. 

51. The method of claim 1, further comprising maintaining the pressure within the 
formation above about 2.0 bar/absolute to inhibit production of fluids having carbon 
numbers above 25./ 
30 / 



re is produced from a production well, 
mixture can be produced from the 
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52. The method of claim 1, further comprising controlling pressure within the formation 
in a range from about atmospheric pressure to about 100 bar, as measured at a wellhead 
of a production well, to control an amount of condensable hydrocarbons within the 
produced mixture, wherein the pressure is reduced to increase production of condensable 

5 hydrocarbons, and wherein the pressure is increased yo increase production of non- 
condensable hydrocarbons. 

53. The method of claim 1, further comprising controlling pressure within the formation 
in a range from about atmospheric pressure to about 100 bar, as measured at a wellhead 

10 of a production well, to control an API gravity of condensable hydrocarbons within the 
produced mixture, wherein the pressure is reduced to decrease the API gravity, and 
wherein the pressure is increased to reduce the API gravity. 

54. A method of treating a hydrocarbon containing formation in situ, comprising: 
15 providing heat from one or more h^at sources to at least a portion of the 

formation; 

allowing the heat to transfer frorii at least the portion to a selected section of the 
formation substantially by conduction of heat;. 

pyrolyzing at least some hydrq/carbons within the selected section of the 
20 formation; and 

producing a mixture from thk formation. 

55. The method of claim 54, wherein the one or more heat sources comprise at least two 
heat sources, and wherein superposition of heat from at least the two heat sources 

25 pyrolyzes at least some hydrocarbons within the selected section of the formation. 

56. The method of claim 54, wherein the one or more heat sources comprise electrical 
heaters. 

30 57. The method of claim 54, v^herein the one or more heat sources comprise surface 
burners. 
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58. The method of claim 54, wherein the one or more heat sources comprise flameless 
distributed combustors. 

59. The method of claim 54, wherein the one or m^/re heat sources comprise natural 
distributed combustors. 



10 



60. The method of claim 54, further comprising controlling a pressure and a temperature 
within at least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or thjb temperature is controlled as a function of 
pressure. 
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61 . The method of claim 54, further comprising controlling the heat such that an average 
heating rate of the selected section is less than about 1.0 ° C per day during pyrolysis. 

62. The method of claim 54, wherein providing heat from the one or more heat sources to 
at least the portion of formation comprises: 

heating a selected volume ( f) of the hydrocarbon containing formation from the 
one or more heat sources, whereby the formation has an average heat capacity (C v ) ? and 
wherein the heating pyrolyzes at /east some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by tpe equation: 
Pwr = /i*F*C v */>* 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, ps is formation bjulk density, and wherein the heating rate is less than about 10 
°C/day. 
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63. The method of claim 5r, wherein providing heat from the one or more heat sources 



comprises heating the sel 



portion of the selected section is greater than about 0.5 W/(m °C). 



cted section such that a thermal conductivity of at least a 
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64. The method of claim 54, wherein the produced mixture comprises condensable 

hydrocarbons having an API gravity of at least about 25°. 

/ 

/ 

65. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

66. The method of claim 54, wherein the produced mixture comprises non-condensable 
hydrocarbons, and wherein a molar ratio of ethercie to ethane in the non-condensable 
hydrocarbons ranges from about 0.001 to about 0.15. 

67. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about/l % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is/nitrogen. 

68. The method of claim 54, wherein tMe produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

69. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

70. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxyg/en containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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71. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

5 72. The method of claim 54, wherein the produaed mixture comprises condensable 
hydrocarbons, and wherein less than about 5 Vjby weight of the condensable 
hydrocarbons comprises multi-ring aromaticsAvith more than two rings. 

73. The method of claim 54, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 0.3 %W weight of the condensable 

hydrocarbons are asphaltenes. / \ 

74. The method of claim 54, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

15 condensable hydrocarbons are cyclpalkanes. 

75. The method of claim 54, whefrein the produced mixture comprises a non-condensable 
component, wherein the non-condensable component comprises hydrogen, wherein the 
hydrogen is greater than abou/lO % by volume of the non-condensable component, and 

20 wherein the hydrogen is less/than about 80 % by volume of the non-condensable 
component. / 

76. The method of claim 54, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

25 / 

77. The method of claim 54, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

78. The method of claim 54, further comprising controlling a pressure within at least a 
30 majority of the selected section of the formation, wherein the controlled pressure is at 

least about 2.0 bar absolute. 
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79. The method of claim 54, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons anja H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

5 

80. The method of claim 79, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

81 . The method of claim 54, further comprising altering a pressure within the formation 
10 to inhibit production of hydrocarbons frpm the formation having carbon numbers greater 

than about 25. 

82. The method of claim 54, where^i controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 
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83. The method of claim 54, fuyther comprising: 

providing hydrogen to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion ofiftie section with heat from hydrogenation. 

84. The method of clainy54, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensablemydrocarbons with at least a portion of the produced hydrogen. 



25 85. The method of claim 54, wherein allowing the heat to transfer comprises increasing a 
permeability of a majority of the selected section to greater than about 100 millidarcy. 

86. The method of claim 54, wherein allowing the heat to transfer comprises substantially 
uniformly increasing a permeability of a majority of the selected section. 

30 
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87. The method of claim 54, further comprising controlling the heat to yield greater than 
about 60 % by weight of condensable hydrocarbons, as/measured by the Fischer Assay. 

mixture comprises producing the 
►out 7 heat sources are disposed in the 

89. The method of claim 54, further comprising providing heat from three or more heat 
sources to at least a portion of the formation/wherein three or more of the heat sources 

10 are located in the formation in a unit of heaf sources, and wherein the unit of heat sources 
comprises a triangular pattern. / 

90. The method of claim 54, further comprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three or more of the heat sources 

15 are located in the formation in a unit/of heat sources, wherein the unit of heat sources 
comprises a triangular pattern, and/wherein a plurality of the units are repeated over an 
area of the formation to form a repetitive pattern of units. 

91. A method of treating a hydrocarbon containing formation in situ, comprising: 
20 providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to/transfer from the one or more heat sources to a selected 
section of the formation; and 

heating the selected section such that a thermal conductivity of at least a portion 
25 of the selected section is/greater than about 0.5 W/(m °C). 

92. The method of claim 91, wherein the one or more heat sources comprise at least two 
heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



88. The method of claim 54, wherein producing the^ 
mixture in a production well, and wherein at least ; 
formation for each production well. 



287 



Conley, Rose & Tayon, P.O. 



93. The method of claim 91, wherein controlling formation conditions comprises 

/ i 

maintaining a temperature within the selected section within a pyrolysis temperature 
range. / 

5 94. The method of claim 91, wherein the one or more'heat sources comprise electrical 
heaters. / 

95. The method of claim 91, wherein the one or more heat sources comprise surface 
burners. / 

10 / 

96. The method of claim 91, wherein the one/or more heat sources comprise flameless 
distributed combustors. / 

97. The method of claim 91, wherein the dne or more heat sources comprise natural 
1 5 distributed combustors. / 

98. The method of claim 91, further comprising controlling a pressure and a temperature 
within at least a majority of the selec/ed section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 

20 pressure. / 

99. The method of claim 91, further comprising controlling the heat such that an average 
heating rate of the selected section is less than about 1 °C per day during pyrolysis. 

25 100. The method of claim 91, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volpne (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 

30 the formation; and / 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: j 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

101. The method of claim 91 , wherein allqwing the heat to transfer comprises 
transferring heat substantially by conductior 

1 02. The method of claim 9 1 , wherein/ the produced mixture comprises condensable 
hydrocarbons having an API gravity of At least about 25°. 

103. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about OA % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

104. The method of claim 91/ wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1 05. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherem less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable Hydrocarbons is nitrogen. 

1 06. The method of cljaim 9 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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107. The method of claim 91 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

5 108. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

10 1 09. The method of claim 9 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

110. The method of claim 91 , wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 5 % by weight of the condensable 

hydrocarbons comprises multi-ring arpmatics with more than two rings. 

111. The method of claim 91 , whferein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes. / 

1 12. The method of claim 9y, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

25 / 

113. The method of claim 91 , wherein the produced mixture comprises a non- 
condensable component, Wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein ihe hydrogen is less than about 80 % by volume of the non- 
30 condensable component./ 
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114. The method of claim 91, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

115. The method of claim 91 , wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

116. The method of claim 91, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

1 17. The method of claim 91 , further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0/5 bar. 



15 118. The method of claim 117, wherjein the partial pressure of H2 is measured when the 
mixture is at a production well. 



20 



1 19. The method of claim 91 , ftufther comprising altering a pressure within the 
formation to inhibit production of^iydrocarbons from the formation having carbon 
numbers greater than about 25. 



120. The method of claim 9y, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



25 121. The method of claim b 1 , further comprising: 

providing hydrogen to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 
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122. The method of claim 91, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

123. The method of claim 91, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



10 



124. The method of claim 91, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



15 



125. The method of claim 91, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensablepydrocarbons, as measured by the Fischer 
Assay. 

126. The method of claim 91, wherein producing the mixture comprises producing the 
mixture in a production well, and wheyein at least about 7 heat sources are disposed in the 
formation for each production well. 



20 127. The method of claim 9 1 , fuijlher comprising providing heat from three or more 
heat sources to at least a portion otfthe formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



25 
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128. The method of claim 91, /further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular /pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



129. A method of treating 



a hydrocarbon containing formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 

formation; / 

/ 

allowing the heat to transfer from the one o/ more heat sources to a selected 
section of the formation; 

controlling the heat from the one or moffe heat sources such that an average 
temperature within at least a majority of the selected section of the formation is less than 
about 370 °C such that production of a substantial amount of hydrocarbons having carbon 
numbers greater than 25 is inhibited; 

controlling a pressure within at lea&t a majority of the selected section of the 
formation, wherein the controlled pressure is at least 2.0 bar; and 

producing a mixture from the formation, wherein about 0.1 % by weight of the 
produced mixture to about 15 % by weight of the produced mixture are olefins, and 
wherein an average carbon number of the produced mixture ranges from 1-25. 

130. The method of claim 129, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

131. The method of claim V29, wherein controlling formation conditions comprises 
maintaining a temperature w/thin the selected section within a pyrolysis temperature 
range. 

132. The method of cla^4n 129, wherein the one or more heat sources comprise 
electrical heaters. 

133. The method of c/aim 129, wherein the one or more heat sources comprise surface 
burners. 

134. The method of/claim 129, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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135. The method of claim 129, wherein the one or more heat sources comprise natural 
distributed combustors. 

/ 

136. The method of claim 129, further comprising controlling a pressure and a 

5 temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

137. The method of claim 1 29, further comprising controlling the heat such that an 
10 average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. / 

138. The method of claim 129, whterein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

15 heating a selected volume uV) of the hydrocarbon containing formation from the 

one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes atr least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
20 wherein Pwr is calculated by the equation: 
Pwr = /**F*C v */>* / 

wherein Pwr is theAieating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 
25 / 

139. The method of Claim 129, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

140. The method of claim 129, wherein providing heat from the one or more heat 

30 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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141 . The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 

condensable hydrocarbons are olefins. / 

/ 

5 / 

142. The method of claim 129, wherein the/produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

10 143. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons as nitrogen. 

144. The method of claim 129, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less thary about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 

145. The method of claim 129/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lessAhan about 1 % by weight, when calculated on an atomic 

20 basis, of the condensable hydrocarbons is sulfur. 

146. The method of claim /l 29, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

25 containing compounds comprise phenols. 

147. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

30 / 
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148. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

5 149. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 Vo by weight of the condensable 
hydrocarbons are asphaltenes. / 

150. The method of claim 129, wherein me produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

condensable hydrocarbons are cycloalkanes. 

151 . The method of claim 129, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 

15 wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

152. The method of claim 129, wherein the produced mixture comprises ammonia, and 
20 wherein greater than about 0X)5 % by weight of the produced mixture is ammonia. 

153. The method of claim 129, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

25 1 54. The method of claim 129, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

155. The method or claim 154, wherein the partial pressure of H2 is measured when the 
30 mixture is at a production well. 
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156. The method of claim 129, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from th£ formation having carbon 



numbers greater than about 25. 



/ 



5 157. The method of claim 129, further comprising? 

providing hydrogen (H2) to the heated sectio/i to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

10 158. The method of claim 129, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method furthey comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

159. The method of claim 129, wherein allowing the heat to transfer comprises 
15 increasing a permeability of a majority of/the selected section to greater than about 100 
millidarcy. 



20 



160. The method of claim 129, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

161. The method of claim 1 29, flirther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



25 162. The method of claim 126, wherein producing the mixture comprises producing 

the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



30 



163. The method of claim 129, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

164. The method of claim 129, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

165. The method of claim 129, further pomprising separating the produced mixture 
into a gas stream and a liquid stream. 

1 66. The method of claim 129, further comprising separating the produced mixture 
into a gas stream and a liquid stream ^nd separating the liquid stream into an aqueous 
stream and a non-aqueous stream. 

167. The method of claim 129, wherein the produced mixture comprises H 2 S, the 
method further comprising separating a portion of the H2S from non-condensable 
hydrocarbons. 

168. The method of claim 129, wherein the produced mixture comprises CO2, the 
method further comprising separating a portion of the CO2 from non-condensable 
hydrocarbons. 

169. The method of claiiii 129, wherein the mixture is produced from a production 
well, wherein the heating /s controlled such that the mixture can be produced from the 
formation as a vapor. 

170. The method of dlaim 129, wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mipcture within the wellbore. 
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171. The method of claim 1 29, wherein the mixture is/produced from a production 
well, wherein a wellbore of the production well compr^es a heater element configured to 
heat the formation adjacent to the wellbore, and further comprising heating the formation 
with the heater element to produce the mixture, wherein the produced mixture comprise a 
large non-condensable hydrocarbon gas component and H2. 



10 



172. The method of claim 129, wherein the m/nimum pyrolysis temperature is about 
270 °C. 

1 73. The method of claim 129, further comprising maintaining the pressure within the 
formation above about 2.0 bar absolute to inhibit production of fluids having carbon 
numbers above 25. 



15 174. The method of claim 129, further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar absolute, as 
measured at a wellhead of a production well, to control an amount of condensable fluids 
within the produced mixture, wherein the pressure is reduced to increase production of 
condensable fluids, and wherein tpe pressure is increased to increase production of non- 
20 condensable fluids. 



25 



1 75. The method of claim 129, further comprising controlling pressure within the 
formation in a range from abafut atmospheric pressure to about 100 bar absolute, as 
measured at a wellhead of a production well, to control an API gravity of condensable 
fluids within the produced mixture, wherein the pressure is reduced to decrease the API 
gravity, and wherein the pressure is increased to reduce the API gravity. 



30 



1 76. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat frqm one or more heat sources to at least a portion of the 
formation; 
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* 



allowing the heat to transfer from the one or more heat sources to a selected 



section of the formation; 



/ 



controlling a pressure within at least a majority of the selected section of the 
formation, wherein the controlled pressure is at/least about 2.0 bar absolute; and 
producing a mixture from the formatic 



1 77. The method of claim 1 76, wherein controlling the pressure comprises controlling 
the pressure with a valve coupled to at least one of the one or more heat sources. 

10 178. The method of claim 176, wherein controlling the pressure comprises controlling 
the pressure with a valve coupled to a production well located in the formation. 



15 



179. The method of claim 176, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



20 



1 80. The method of claim/176, wherein controlling formation conditions comprises 
maintaining a temperature )vithin the selected section within a pyrolysis temperature 
range. 

181. The method of ^laim 1 76, wherein the one or more heat sources comprise 
electrical heaters. 



1 82. The method /of claim 176, wherein the one or more heat sources comprise surface 
25 burners. 

183. The method of claim 176, wherein the one or more heat sources comprise 
flameless distributed combustors. 

30 1 84. The mepiod of claim 1 76, wherein the one or more heat sources comprise natural 
distributed combustors. 
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185. The method of claim 176, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 



10 
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1 86. The method of claim 176, further comprising controlling the heat such that an 
average heating rate of the selected section is/less than about 1 °C per day during 
pyrolysis. 

1 87. The method of claim 1 76, whereiA providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V)pf the hydrocarbon containing formation from the 
one or more heat sources, wherein tlje formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at legist some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/d'ay provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by tjie equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the hfeating energy/day, h is an average heating rate of the 
formation, p B is formationyoulk density, and wherein the heating rate is less than about 10 
°C/day. 



25 



1 88. The method of claim 1 76, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



1 89. The method of claim 176, wherein providing heat from the one or more heat 
sources comprises Heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



30 
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190. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



191. The method of claim 1 76, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by wejght to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

192. The method of claim 176, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

193. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

194. The method of claim 176/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/fhan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

195. The method of clainy 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable Hydrocarbons is sulfur. 

196. The method of clfaim 176, wherein the produced mixture comprises condensable 
hydrocarbons, wherein About 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

197. The method pf claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are ^omatic compounds. 
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198. The method of claim 176, wherein the produced/mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

199. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3/% by weight of the condensable 
hydrocarbons are asphaltenes. 

200. The method of claim 176, whereiiythe produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

201. The method of claim 176, wherein the produced mixture comprises a non- 
condensable component, wherein flie non-condensable component comprises hydrogen, 
wherein the hydrogen is greater man about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

202. The method of clai^i 176, wherein the produced mixture comprises ammonia, and 
wherein greater than aboujt 0.05 % by weight of the produced mixture is ammonia. 

203. The method of cfaim 176, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

204. The method of claim 176, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

205. The method of claim 204, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 
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206. The method of claim 176, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons froiyi the formation having carbon 
numbers greater than about 25. 



207. The method of claim 176, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mi^pire into the formation. 

208. The method of claim 176, further comprising: 
providing hydrogen (H 2 ) to the heate/i section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

209. The method of claim 1 76, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the methoa further comprising hydrogenating a portion of the 
produced condensable hydrocarbons Avith at least a portion of the produced hydrogen. 

210. The method of claim 1 76, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

211. The method of claim ^76, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

212. The method of clairti 176, further comprising controlling the heat to yield greater 
than about 60 % by weigh/ of condensable hydrocarbons, as measured by the Fischer 
Assay. 



213. The method of claim 176, wherein producing the mixture from the formation 



comprises producing tl 
sources are disposed ir 



e mixture in a production well, and wherein at least about 7 heat 
the formation for each production well. 
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214. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and / 

controlling a pressure within at least a majority of the selected section of the 
formation, wherein the controlled pressure is at least about 2.0 bar absolute; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected section of the formation is less than 
about 375 °C; and / 

producing a mixture from the formation. 

215. The method of claim 214, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

216. The method of claim 214, wherein controlling formation conditions comprises 
maintaining a temperature witMn the selected section within a pyrolysis temperature 
range. / 

217. The method of claim 214, wherein the one or more heat sources comprise 
electrical heaters. / 

218. The method of claim 214, wherein the one or more heat sources comprise surface 
burners. / 

219. The method ofj claim 214, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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220. The method of claim 214, wherein the one or rpore heat sources comprise natural 
distributed combustors. 

221 . The method of claim 214, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

222. The method of claim 214, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

223. The method of claim 214, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume W) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes ay least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating enera^/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the^heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

224. The method of jfclaim 214, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



225. The method of claim 214, wherein providing heat from the one or more heat 
sources comprises Heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



\ 



306 



Conley, Rose & Tayon, PC. 



226. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least abou^ 25°. 

5 227. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

228. The method of claim 214, wherein the produced mixture comprises non- 
10 condensable hydrocarbons, and wherein a/oout 0. 1 % by weight to about 1 5 % by weight 

of the non-condensable hydrocarbons are olefins. 

229. The method of claim 214, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
15 condensable hydrocarbons ranges fyom about 0.001 to about 0.15. 

230. The method of claim 214/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

20 / 

23 1 . The method of claim/214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Aess than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

25 232. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

233. The method of claim 214, wherein the produced mixture comprises condensable 
30 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

/ 

234. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about fO % by weight of the condensable 
hydrocarbons are aromatic compounds. 

235. The method of claim 214, wherein trie produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

236. The method of claim 214, wheyein the produced mixture comprises condensable 
hydrocarbons, and wherein less than fbout 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

237. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein aboui 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are c/ycloalkanes. 

238. The method of claim 214, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein tl^e hydrogen is less than about 80 % by volume of the non- 
condensable component. 

239. The method of cliim 214, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



240. The method of claim 214, wherein the produced mixture comprises ammonia, and 



wherein the ammonia is 



used to produce fertilizer. 
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24 1 . The method of claim 2 1 4, wherein controlling the heat further comprises 
controlling the heat such that coke production is inhibited. 

/ 

242. The method of claim 214, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



10 



243. The method of claim 242, whereiyi the partial pressure of H 2 is measured when the 
mixture is at a production well. 

244. The method of claim 214, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



1 5 245 . The method of claim 2 1 4/ wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



20 



246. The method of claim 2 1 4, further comprising: 

providing hydrogen £H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion o£ the section with heat from hydrogenation. 



25 



247. The method of claim 214, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



30 



248. The method of claim 214, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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249. The method of claim 214, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a/majority of the selected section. 

/ 

250. The method of claim 214, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



10 



25 1 . The method of claim 2 1 4, wherein producing the mixture comprises producing 
the mixture in a production well, and whereii/ at least about 7 heat sources are disposed in 
the formation for each production well. 



15 



252. The method of claim 214, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in $i unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern/ 



253. The method of claim 214, farther comprising providing heat from three or more 
heat sources to at least a portion of" the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

20 sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formationyfo form a repetitive pattern of units. 

254. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat froip one or more heat sources to at least a portion of the 

25 formation; 

allowing the heaV to transfer from the one or more heat sources to a selected 
section of the formation; 

producing a mixture from the formation, wherein at least a portion of the mixture 
is produced during thq pyrolysis and the mixture moves through the formation in a vapor 
30 phase; and 

maintaining a pressure within at least a majority of the selected section above 
about 2.0 bar absolute 



1 
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255. The method of claim 254, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of hejt from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



256. The method of claim 254, wherein controlling formation conditions comprises 
maintaining a temperature within the selected/section within a pyrolysis temperature 
range. 

10 257. The method of claim 254, wherein^he one or more heat sources comprise 
electrical heaters. 



15 



258. The method of claim 254, wherein the one or more heat sources comprise surface 
burners. 

259. The method of claim 254, vyherein the one or more heat sources comprise 
flameless distributed combustors. 



20 



260. The method of claim 25/1, wherein the one or more heat sources comprise natural 
distributed combustors. 



25 



261 . The method of claim 254, further comprising controlling the pressure and a 
temperature within at least/a majority of the selected section of the formation, wherein 
the pressure is controlled ps a function of temperature, or the temperature is controlled as 
a function of pressure. 



30 



262. The method of daim 254, further comprising controlling the heat such that an 
average heating rate of jthe selected section is less than about 1 °C per day during 
pyrolysis. 
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263. The method of claim 254, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation l\ks an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided t</ the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, ai/d wherein the heating rate is less than about 10 
°C/day. 



15 



264. The method of claim 254, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



20 



265. The method of claim 254, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

266. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



267. The method of clairn 254, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein/about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons/are olefins. 



30 



268. The method of cl 
condensable hydrocarbor 



of the non-condensable hydrocarbons are olefins 



254, wherein the produced mixture comprises non- 
s, and wherein about 0.1 % by weight to about 15 % by weight 
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269. The method of claim 254, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

270. The method of claim 254, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein less than about 1 % by v^ight, when calculated on an atomic 

/ 

basis, of the condensable hydrocarbons is nitrogen./ 

271 . The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %/by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

272. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons Ls sulfur. 

273. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

274. The method of claim 25A, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

275. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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276. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by \veight of the condensable 
hydrocarbons are asphaltenes. / 

5 277. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weighy to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

278. The method of claim 254, wherein the produced mixture comprises a non- 
10 condensable component, wherein the non-cpndensable component comprises hydrogen, 
wherein the hydrogen is greater than about/ 10 % by volume of the non-condensable 
component, and wherein the hydrogen is/ess than about 80 % by volume of the non- 
condensable component. 

15 279. The method of claim 254, wWrein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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280. The method of claim 254, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

28 1 . The method of claim 25/^, wherein the pressure is measured at a wellhead of a 
production well. 



25 



282. The method of claim 254, wherein the pressure is measured at a location within a 
wellbore of the production well. 



283. The method of clain^ 254, wherein the pressure is maintained below about 100 bar 
absolute. 
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284. The method of claim 254, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H2 



within the mixture is greater than about 0.5 bar. 



285. The method of claim 284, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 



10 



286. The method of claim 254, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



287. The method of claim 254, wheyein controlling formation conditions comprises 
recirculating a portion of hydrogen ftpm the mixture into the formation. 

15 288. The method of claim 254, further comprising: 

providing hydrogen (H2) tf> the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the Section with heat from hydrogenation. 

20 289. The method of claim 254, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, pe method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

290. The method of claim 254, wherein allowing the heat to transfer comprises 
25 increasing a permeability/ of a majority of the selected section to greater than about 1 00 
millidarcy. 



30 



291. The method of 
substantially uniform!} 



laim 254, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section. 
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292. The method of claim 254, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

5 293. The method of claim 254, wherein producing the mixture comprises producing 

the mixture in a production well, and whereip at least about 7 heat sources are disposed in 
the formation for each production well. 

294. The method of claim 254, further (Comprising providing heat from three or more 
10 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in sf unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



295. The method of claim 254, further comprising providing heat from three or more 
15 heat sources to at least a portion of fhe formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation toflbrm a repetitive pattern of units. 

20 296. A method of treating ^hydrocarbon containing formation in situ, comprising: 
providing heat from c/ne or more heat sources to at least a portion of the 
formation; 

allowing the heat tcf transfer from the one or more heat sources to a selected 
section of the formation; 
25 maintaining a pressure within at least a majority of the selected section of the 

formation above 2.0 bar absolute; and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons having an API gravity higher than an API gravity of 
condensable hydrocarbons in a mixture producible from the formation at the same 
30 temperature and at atmospheric pressure. 
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297. The method of claim 296, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



298. The method of claim 296, wherein controUin^formation conditions comprises 
maintaining a temperature within the selected senior} within a pyrolysis temperature 
range. 



10 



299. The method of claim 296, wherein tfyfc one or more heat sources comprise 
electrical heaters. 



300. The method of claim 296, where^ft the one or more heat sources comprise surface 
burners. 

15 301. The method of claim 296, wl^rein the one or more heat sources comprise 
flameless distributed combustors. 



20 



25 
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302. The method of claim 296/wherein the one or more heat sources comprise natural 
distributed combustors. 

303. The method of claim 206, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as f function of temperature, or the temperature is controlled as 
a function of pressure. 

304. The method of claiAi 296, further comprising controlling the heat such that an 
average heating rate of thg selected section is less than about 1 °C per day during 
pyrolysis. 



305. The method 
sources to at least the 



of cl&im 296, wherein providing heat from the one or more heat 
portion of formation comprises: 
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heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided yio the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energ^day, h is an average heating rate of the 
formation, p B is formation bulk density , pnd wherein the heating rate is less than about 10 
°C/day. 



306. The method of claim 296, wMerein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

15 307. The method of claim 296( wherein providing heat from the one or more heat 

sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



20 



308. The method of clairry 296, wherein the produced mixture comprises condensable 
hydrocarbons having an AHI gravity of at least about 25°. 



25 



309. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

310. The method of claim 296, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 
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311. The method of claim 296, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

/' 

5 312. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by yeight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen^ 

313. The method of claim 296, wherein the p/oduced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 °/J by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



15 



3 14. The method of claim 296, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



20 



315. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen coritaining compounds, and wherein the oxygen 
containing compounds comprise jmenols. 



25 



316. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

3 1 7. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 



hydrocarbons comprises mu 



ti-ring aromatics with more than two rings. 
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318. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

5 319. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weigljt to. about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

320. The method of claim 296, wherein the produced mixture comprises a non- 
10 condensable component, wherein the nonycondensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen js less than about 80 % by volume of the non- 
condensable component. 

15 321. The method of claim 296, ^erein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 %lby weight of the produced mixture is ammonia. 



20 



322. The method of claim 29j6, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used tb produce fertilizer. 

323. The method of claim/296, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



25 324. The method of c\Am 296, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 



30 



325. The method of claim 296, further comprising altering a pressure within the 
formation to inhibit pro* luction of hydrocarbons from the formation having carbon 
numbers greater than at out 25. 
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326. The method of claim 296, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

327. The method of claim 296, further comprising: 

5 providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and / 

heating a portion of the section with heat from hydrogenation. 

328. The method of claim 296, wherein the produced mixture comprises hydrogen and 
10 condensable hydrocarbons, the method fucther comprising hydrogenating a portion of the 

produced condensable hydrocarbons withf at least a portion of the produced hydrogen. 

329. The method of claim 296, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 

15 millidarcy. / 

330. The method of claim 296/ wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

20 331. The method of claim £96, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

332. The method of clafrm 296, wherein producing the mixture comprises producing 

25 the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

333. The method off claim 296, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

30 sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a riangular pattern. 
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334. The method of claim 296, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, whe/ein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

5 sources comprises a triangular pattern, and wherein/a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

335. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat ^ources to at least a portion of the 

10 formation; 

allowing the heat to transfer from tl/e one or more heat sources to a selected 
section of the formation; 

maintaining a pressure within at /east a majority of the selected section of the 
formation to above 2.0 bar absolute; an 
15 producing a fluid from the formation, wherein condensable hydrocarbons within 

the fluid comprise an atomic hydrogen to atomic carbon ratio of greater than about 1 .75. 



20 



336. The method of claim 3 3 5, /wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



25 



337. The method of claim B35, wherein controlling formation conditions comprises 
maintaining a temperature v/ithin the selected section within a pyrolysis temperature 
range. 

338. The method of cl^im 335, wherein the one or more heat sources comprise 
electrical heaters. 



30 



339. The method of 
burners. 



aim 335, wherein the one or more heat sources comprise surface 
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340. The method of claim 335, wherein the one or more heat sources comprise 



flameless distributed combustors. 



/ 



341 . The method of claim 335, wherein the one qr more heat sources comprise natural 
distributed combustors. 



10 



342. The method of claim 335, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



15 



20 
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343. The method of claim 335, furthei/comprising controlling the heat such that an 
average heating rate of the selected sec/ion is less than about 1 °C per day during 
pyroiysis. 

344. The method of claim 335, ^herein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, whe/ein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyze^ at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculatecyby the equation: 
Pwr = h*V*C v *pl 

wherein Pwr is tpe heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



30 



345. The method of claim 335, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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346. The method of claim 335, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about,6.5 W/(m °C). 

347. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



10 



348. The method of claim 335, wherein th^produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by yreight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



15 



349. The method of claim 335, where/n the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

350. The method of claim 335, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wrierein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



20 351. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

352. The method of claim 335, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



30 



353. The method or claim 335, wherein the produced mixture comprises condensable 



hydrocarbons, and w 



Lerein less than about 1 % by weight, when calculated on an atomic 



basis, of the condensable hydrocarbons is sulfur. 
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354. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

5 

355. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than apout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

10 356. The method of claim 335, wheyein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

357. The method of claim 335, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less tl/an about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



; i 20 



358. The method of claim 3S5, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



25 



359. The method of claim 335, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and whereiij the hydrogen is less than about 80 % by volume of the non- 
condensable component 



30 



360. The method of/claim 335, wherein the produced mixture comprises ammonia, and 
wherein greater than Wbout 0.05 % by weight of the produced mixture is ammonia. 
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361 . The method of claim 335, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer/ 

/ 

I 

362. The method of claim 335, further comprising controlling formation conditions to 



produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

363. The method of claim 335, wherein ttye partial pressure of H2 is measured when the 
mixture is at a production well. 

364. The method of claim 335, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



15 365. The method of claim 335, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

366. The method of claim 3357further comprising: 
providing hydrogen (H2) /o the heated section to hydrogenate hydrocarbons 

20 within the section; and 

heating a portion of the/section with heat from hydrogenation. 

367. The method of claim B35, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

25 produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

368. The method of cla(im 335, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

30 
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369. The method of claim 335, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

370. The method of claim 335, further comprising controlling the heat to yield greater 
5 than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 

Assay. / 

371 . The method of claim 335, wherein producing the mixture comprises producing 
the mixture in a production well, and where/n at least about 7 heat sources are disposed in 

10 the formation for each production well. / 

372. The method of claim 335, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in/a unit of heat sources, and wherein the unit of heat 

1 5 sources comprises a triangular pattern. 

373. The method of claim 335, fiarther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

20 sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

374. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat frorry one or more heat sources to at least a portion of the 

25 formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation;/ 

maintaining a pressure within at least a majority of the selected section of the 
formation to above 2.0/bar absolute; and 
30 producing a mixture from the formation, wherein the produced mixture comprises 

a higher amount of non-condensable components as compared to non-condensable 
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components producible from the formation under the same temperature conditions and at 
atmospheric pressure. 

375. The method of claim 374, wherein the onfe or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

376. The method of claim 374, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

377. The method of claim 374, wherejin the one or more heat sources comprise 
electrical heaters. 

378. The method of claim 374, wl/erein the one or more heat sources comprise surface 
burners. 

379. The method of claim 374 /wherein the one or more heat sources comprise 
flameless distributed combustors. 

380. The method of claim ^74, wherein the one or more heat sources comprise natural 
distributed combustors. 

381 . The method of claim 374, further comprising controlling the pressure and a 
temperature within at least /a majority of the selected section of the formation, wherein 
the pressure is controlled ^s a function of temperature, or the temperature is controlled as 
a function of pressure. 



382. The method 
average heating rate 
pyrolysis. 



of cl&im 374, further comprising controlling the heat such that an 
of tlfte selected section is less than about 1 °C per day during 
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383. The method of claim 374, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydroy&rbon containing formation from the 
5 one or more heat sources, wherein the formation I^as an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided lo the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 
10 Pwr = h*V*C v *p B I 

wherein Pwr is the heating energwday, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

15 384. The method of claim 374, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

385. The method of claim 374/ wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 

20 a portion of the selected section is greater than about 0.5 W/(m °C). 

386. The method of claimf 374, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

25 387. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wheriin about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

388. The method of /claim 374, wherein the produced mixture comprises non- 
30 condensable hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 
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389. The method of claim 374, wherein the produced mixture comprises non- 

condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 

/ 

condensable hydrocarbons ranges from about 0.001 to about 0.15. 
5 / 

390. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

10 391. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons/is oxygen. 

392. The method of claim 374, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocaynons is sulfur. 

393. The method of claim 37 A, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

20 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

394. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

25 hydrocarbons are aromatic compounds. 

395. The method ofl claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wtterein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

30 
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396. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



5 397. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight yo about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

398. The method of claim 374, wherein theyfcroduced mixture comprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about V0 % by volume of the non-condensable 
component, and wherein the hydrogen is l^ss than about 80 % by volume of the non- 
condensable component. 

PI 15 399. The method of claim 374, wherein the produced mixture comprises ammonia, and 
HF wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



20 



400. The method of claim 374, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

401 . The method of claim 374; further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



25 402. The method of claim 874, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 



30 



403. The method of claim 374, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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404. The method of claim 374, further comprising: / 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

405. The method of claim 374, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

406. The method of claim 374, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the sheeted section to greater than about 100 
millidarcy. 

407. The method of claim 374, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

408. The method of claim 374, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

409. The method of claim 374/wherein producing the mixture comprises producing 
the mixture in a production well/ and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

410. The method of claim 374, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

411. The method of claim 374, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

/ 

5 412. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 
formation; / 

allowing the heat to transfer from theybne or more heat sources to a selected 
section of the formation such that superimposed heat from the one or more heat sources 
10 pyrolyzes at least about 20 % by weight oy hydrocarbons within the selected section of 
the formation; and / 

producing a mixture from the formation. 

413. The method of claim 412, wherein the one or more heat sources comprise at least 
15 two heat sources, and wherein superposition of heat from at least the two heat sources 

pyrolyzes at least some hydrocarbons within the selected section of the formation. 

414. The method of claim 412, wherein controlling formation conditions comprises 
maintaining a temperature witttin the selected section within a pyrolysis temperature 

20 range. / 

415. The method of claim 412, wherein the one or more heat sources comprise 
electrical heaters. / 

25 4 1 6. The method of claim 412, wherein the one or more heat sources comprise surface 
burners. / 

.417. The method of claim 412, wherein the one or more heat sources comprise 
flameless distributed/combustors. 
30 / 
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418. The method of claim 412, wherein the one or more heat sources comprise natural 
distributed combustors. j 

419. The method of claim 412, further compri&ijig controlling a pressure and a 

5 temperature within at least a majority of the selected section of the formation, wherein 

the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

420. The method of claim 412, further comprising controlling the heat such that an 
10 average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. / 

421. The method of claim 412, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

15 heating a selected volume (w) of the hydrocarbon containing formation from the 

one or more heat sources, whereiiythe formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at /east some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energwday provided to the volume is equal to or less than Pwr, 
20 wherein Pwr is calculated by ihe equation: 
Pwr — h*V*C v *p B I 

wherein Pwr is the neating energy/day, h is an average heating rate of the 
formation, p B is formation ttulk density, and wherein the heating rate is less than about 10 
°C/day. / 
25 / 

422. The method of claim 412, wherein allowing the heat to transfer comprises 
transferring heat substamially by conduction. 

423 . The method of claim 412, wherein providing heat from the one or more heat 

30 sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 
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424. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least ^bout 25°. 

425. The method of claim 412, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by vyeight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



426. The method of claim 412, wherein the produced mixture comprises non- 
10 condensable hydrocarbons, and wherein About 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



15 



427. The method of claim 412, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



20 



428. The method of claim 412/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lessAhan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

429. The method of claim/412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Jess than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



25 430. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable /hydrocarbons is sulfur. 



30 



43 1 . The method of c 
hydrocarbons, wherein 



aim 412, wherein the produced mixture comprises condensable 
bout 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

432. The method of claim 412, wherein the produced mixture comprises condensable 
5 hydrocarbons, and wherein greater than about 20 %, by weight of the condensable 

hydrocarbons are aromatic compounds. / 

/ 

433. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

10 hydrocarbons comprises multi-ring aromatics with more than two rings. 

434. The method of claim 412, whereinAhe produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

15 / 

435. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 P/o by weight to about 30 % by weight of the 
condensable hydrocarbons are cyc/oalkanes. 

20 436. The method of claim 412, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

25 / 

437. The method of claim 412, wherein the produced mixture comprises ammonia, and 
wherein greater than aboutf 0.05 % by weight of the produced mixture is ammonia. 

438. The method of claim 412, wherein the produced mixture comprises ammonia, and 
30 wherein the ammonia is used to produce fertilizer. 
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439. The method of claim 412, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

5 440. The method of claim 412, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

441 . The method of claim 412, wherein the partial pressure of H2 is measured when the 
10 mixture is at a production well. / 

442. The method of claim 412, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

15 / 

443. The method of claim 412, wnerein controlling formation conditions comprises 
recirculating a portion of hydrogen/from the mixture into the formation. 

444. The method of claim 412/ further comprising: 

20 providing hydrogen (H2Y to the heated section to hydro genate hydrocarbons 

within the section; and / 

heating a portion of the section with heat from hydrogenation. 

445. The method of claim/412, wherein the produced mixture comprises hydrogen and 
25 condensable hydrocarbons, iche method further comprising hydrogenating a portion of the 

produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

446. The method of claim 412, wherein allowing the heat to transfer comprises 
increasing a permeability lof a majority of the selected section to greater than about 100 

30 millidarcy. J 
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447. The method of claim 412, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



448. The method of claim 412, further comprising controlling the heat to yield greater 
than ab 
Assay. 



than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 



449. The method of claim 412, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein a0east about 7 heat sources are disposed in 

10 the formation for each production well. 

450. The method of claim 412, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a qnit of heat sources, and wherein the unit of heat 

1 5 sources comprises a triangular pattern. 



45 1 . The method of claim 412, former comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

20 sources comprises a triangular panern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

452. A method of treating aiiydrocarbon containing formation in situ, comprising: 
providing heat from ope or more heat sources to at least a portion of the 

25 formation; 

allowing the heat to /transfer from the one or more heat sources to a selected 
section of the formation such that superimposed heat from the one or more heat sources 
pyrolyzes at least about 2(f % of hydrocarbons within the selected section of the 
formation; and 

30 producing a mixture from the formation, wherein the mixture comprises a 



condensable component 



having an API gravity of at least about 25 c 
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453. The method of claim 452, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat fron^ at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

454. The method of claim 452, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 



10 



455. The method of claim 452, wherein the 9he or more heat sources comprise 
electrical heaters. 



456. The method of claim 452, wherein pe one or more heat sources comprise surface 
burners. 

15 457. The method of claim 452, wherein the one or more heat sources comprise 
flameless distributed combustors. 



20 



25 



30 



458. The method of claim 452, ^herein the one or more heat sources comprise natural 
distributed combustors. 

459. The method of claim 45^, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as ^function of temperature, or the temperature is controlled as 
a function of pressure. 

460. The method of claim 452, further comprising controlling the heat such that an 
average heating rate of thqf selected section is less than about 1 °C per day during 
pyrolysis. 



461. The method 
sources to at least the 



of claim 452, wherein providing heat from the one or more heat 
portion of formation comprises: 
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heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 
5 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
10 °C/day. / 

462. The method of claim 452, where/in allowing the heat to transfer comprises 




transferring heat substantially by conduction. 

463. The method of claim 452, wherein providing heat from the one or more heat 
sources comprises heating the selecied section such that a thermal conductivity of at least 
a portion of the selected section isAjreater than about 0.5 W/(m °C). 

464. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein aboiit 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are /olefins. 

465. The method of claim 452, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



466. The method of claim 452, wherein the produced mixture comprises non- 
condensable hydrocarbons! and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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467. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

! 

468. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by/ weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxyger 



469. The method of claim 452, wherein theyproduced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 r/o by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



15 



470. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



iu 20 



471 . The method of claim 452, Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



25 



472. The method of claim 462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises mulrti-ring aromatics with more than two rings. 

473. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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474. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

475. The method of claim 452, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is lessyihan about 80 % by volume of the non- 
condensable component. 

476. The method of claim 452, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



15 



477. The method of claim 452, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



20 



478. The method of claim 452/ further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

479. The method of claim 452, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



25 480. The method of dlaim 452, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 



30 



48 1 . The method of claim 452, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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482. The method of claim 452, wherein controlling formation conditions comprises 

recirculating a portion of hydrogen from the mixture into the formation. 

/ 

483. The method of claim 452, further comprising: 
5 providing hydrogen (H2) to the heated sectjbn to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

484. The method of claim 452, wherein the produced mixture comprises hydrogen and 
10 condensable hydrocarbons, the method furtner comprising hydrogenating a portion of the 

produced condensable hydrocarbons with/at least a portion of the produced hydrogen. 



15 



485. The method of claim 452, wheifein allowing the heat to transfer comprises 
increasing a permeability of a majorijiy of the selected section to greater than about 100 
millidarcy. 



486. The method of claim 452/ wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

20 487. The method of claim/452, further comprising controlling the heat to yield greater 
than about 60 % by weight {of condensable hydrocarbons, as measured by the Fischer 
Assay. 

488. The method of claim 452, wherein producing the mixture comprises producing 
25 the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



30 



489. The method off claim 452, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 



sources composes a 



riangular pattern. 
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490. The method of claim 452, further comprising providing heat from three or more 

heat sources to at least a portion of the formation, wherein three or more of the heat 

/ 

sources are located in the formation in a unit of heat/sources, wherein the unit of heat 
sources comprises a triangular pattern, and whereW a plurality of the units are repeated 
over an area of the formation to form a repetitive /pattern of units. 

49 1 . A method of treating a layer of a hydrocarbon containing formation in situ, 
comprising: 

providing heat from one or more heAt sources to at least a portion of the layer, 
wherein the one or more heat sources are positioned proximate an edge of the layer; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the layer such that superimposed heat from the one or more heat sources 
pyrolyzes at least some hydrocarbons Avithin the selected section of the formation; and 

producing a mixture from the formation. 



492. The method of claim 491 /wherein the one or more heat sources are laterally 
spaced from a center of the laye 

20 493. The method of claim/491 , wherein the one or more heat sources are positioned in 
a staggered line. 



25 



494. The method of clmm 491, wherein the one or more heat sources positioned 
proximate the edge of the layer can increase an amount of hydrocarbons produced per 
unit of energy input to me one or more heat sources. 



30 



495. The method or claim 491, wherein the one or more heat sources positioned 
proximate the edge oi the layer can increase the volume of formation undergoing 
pyrolysis per unit of energy input to the one or more heat sources. 
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496. The method of claim 491 , wherein the one or more heat sources comprise 
electrical heaters. 



497. The method of claim 491 , wherein the one or more heat sources comprise surface 
5 burners. j 

498. The method of claim 49 1 , wherein the one or more heat sources comprise 
flameless distributed combustors. / 

10 499. The method of claim 491 , wherein the/one or more heat sources comprise natural 
distributed combustors. / 

500. The method of claim 491 , furtheWcomprising controlling a pressure and a 
temperature within at least a majority oi the selected section of the formation, wherein 

15 the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

501. The method of claim 49 1/ further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 .0 ° C per day during 

20 pyrolysis. / 

502. The method of claim 491 , wherein providing heat from the one or more heat 
sources to at least the porcion of the layer comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
25 one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pvrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
30 Pwr = W*C v */>* 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, pa is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

/ 

503. The method of claim 491 , wherein providing heat from the one or more heat 
sources comprises heating the selected section such mat a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



10 



504. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at leatf about 25°. 



15 



505. The method of claim 491 , wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % \j>y weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

506. The method of claim 49 1 , wnerein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons range^ from about 0.001 to about 0.15. 



20 507. The method of claim 40 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable h)jarocarbons is nitrogen. 

508. The method of claim 49 1 , wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



509. The method off claim 491, wherein the produced mixture comprises condensable 



hydrocarbons, and w^ 



30 basis, of the condensable hydrocarbons is sulfur. 



erein less than about 1 % by weight, when calculated on an atomic 
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5 1 0. The method of claim 49 1 , wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

/ 

511. The method of claim 49 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 r/o by weight of the condensable 
hydrocarbons are aromatic compounds. / 

10 512. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aboutp % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

513. The method of claim 49 1 , wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than/about 0.3 % by weight of the condensable 

hydrocarbons are asphaltenes. / 

514. The method of claim 494 ,. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

20 condensable hydrocarbons are cycloalkanes. 

515. The method of clafm 49 1 , wherein the produced mixture comprises a non- 
condensable component/wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 

25 component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

516. The method /of claim 491 , wherein the produced mixture comprises ammonia, and 
wherein greater thai about 0.05 % by weight of the produced mixture is ammonia. 

30 / 
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5 1 7. The method of claim 491 , wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

518. The method of claim 491 , further comprising controlling a pressure within at least 
5 a majority of the selected section of the formation, Wherein the controlled pressure is at 

least about 2.0 bar absolute. / 

519. The method of claim 49 1 , further composing controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 

10 within the mixture is greater than about 0.5 bar. 

520. The method of claim 5 1 9, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. / 

15 521. The method of claim 491 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

522. The method of claim 491, further comprising controlling formation conditions, 
20 wherein controlling formation conditions comprises recirculating a portion of hydrogen 

from the mixture into the formation. 

523 . The method of claim 49 1 , further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
25 within the section; and / 

heating a portion of the section with heat from hydrogenation. 

524. The method 01 claim 491, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

30 produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



348 



Conley, Rose & Tayon, P C. 



525. The method of claim 491 , wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

/ 

526. The method of claim 491 , wherein allowing/the heat to transfer comprises 
substantially uniformly increasing a permeability/Of a majority of the selected section. 



10 



527. The method of claim 491 , further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



15 



20 



25 



528. The method of claim 491 , wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production wpl. 

529. The method of claim 491 Jturther comprising providing heat from three or more 
heat sources to at least a portion/of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

530. The method of clq/lm 491 , further comprising providing heat from three or more 
heat sources to at least ^portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a Mangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



30 



531. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing /neat from one or more heat sources to at least a portion of the 
formation; 

allowing/ the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 
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controlling a pressure and a temperature within at/feast a majority of the selected 
section of the formation, wherein the pressure is controlled as a function of temperature, 
or the temperature is controlled as a function of pressure; and 
producing a mixture from the formation. / 
5 J J 

532. The method of claim 53 1 , wherein the pne or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

10 533. The method of claim 53 1 , wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. / 

534. The method of claim 53 1 , wherein the one or more heat sources comprise 
15 electrical heaters. / 



535. The method of claim 53/ , wherein the one or more heat sources comprise surface 
burners. 

20 536. The method of clahti 53 1 , wherein the one or more heat sources comprise 
flameless distributed corabustors. 

537. The method of/claim 53 1 , wherein the one or more heat sources comprise natural 
distributed combustoys. 



25 



538. The method/of claim 531, further comprising controlling the heat such that an 
average heating ratje of the selected section is less than about 1 °C per day during 
pyrolysis. 



30 539. The method of claim 53 1 , wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has awaverage heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to tl)6 volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/da£, h is an average heating rate of the 
formation, p B is formation bulk density, anp wherein the heating rate is less than about 10 
°C/day. 



540. The method of claim 531, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

15 541 . The method of claim 53 1 , /Wherein providing heat from the one or more heat 

sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



20 



542. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



25 



543. The method of claim 53 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

544. The method of claim 53 1 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 
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545. The method of claim 531, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001'to about 0.15. 

5 546. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

547. The method of claim 53 1 , wherein tne produced mixture comprises condensable 
10 hydrocarbons, and wherein less than abouy 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 

548. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is sulfur. 

549. The method of claim 53 1 , /wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygerv containing compounds, and wherein the oxygen 

20 containing compounds comprise phenols. 

550. The method of clainy 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

25 / 

55 1 . The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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552. The method of claim 53 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

553. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weigh^ to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

554. The method of claim 53 1 , wherein tfte produced mixture comprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 

wherein the hydrogen is greater than aboiit 10 % by volume of the non-condensable 
component, and wherein the hydrogen i/ less than about 80 % by volume of the non- 
condensable component. 

15 555. The method of claim 531, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 %/by weight of the produced mixture is ammonia. 



20 



556. The method of claim 53A, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

557. The method of clain/ 531, wherein the controlled pressure is at least about 2.0 bar 
absolute. 



558. The method of ciaim 531, further comprising controlling formation conditions to 
25 produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is mreater than about 0.5 bar. 



30 



559. The method of claim 53 1 , wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 
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560. The method of claim 53 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / , 

5 561 . The method of claim 531, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

562. The method of claim 53 1 , further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
10 within the section; and / 

heating a portion of the section with neat from hydrogenation. 

563. The method of claim 53 1 , whereirythe produced mixture comprises hydrogen and 
condensable hydrocarbons, the method rarther comprising hydrogenating a portion of the 

15 produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

564. The method of claim 531, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

20 / 

565. The method of claim 531, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

566. The method of claim 53 1 , further comprising controlling the heat to yield greater 
25 than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 

Assay. / 

567. The method of claim 53 1 , wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 

30 the formation for each production well. 
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568. The method of claim 53 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat' sources, and wherein the unit of heat 

/ 

; 

sources comprises a triangular pattern. 



10 



569. The method of claim 531 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit yof heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



15 



20 
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570. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or mo/e heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation to raise an/ average temperature within the selected section to, or 
above, a temperature that will pyyolyze hydrocarbons within the selected section; 

producing a mixture from the formation; and 

controlling API gravity/of the produced mixture to be greater than about 25 
degrees API by controlling average pressure and average temperature in the selected 
section such that the average pressure in the selected section is greater than the pressure 
(p) set forth in the following/equation for an assessed average temperature (7) in the 
selected section: 

_ e f-44000/T+67] 

where p is measured in psla and T is measured in ° Kelvin. 



30 



571 . The method of claim 570, wherein the API gravity of the produced mixture is 
controlled to be greater tjhan about 30 degrees API, and wherein the equation is: 



p = e [-31000/T+51]^ 
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572. The method of claim 570, wherein the API gravity of the produced mixture is 
controlled to be greater than about 35 degrees API, and wherein the equation is: 

[-22000JT + 38] 

p = e l j 

5 573. The method of claim 570, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition ofjheat from at least the two heat sources 
pyrolyzes at least some hydrocarbons withirythe selected section of the formation. 

574. The method of claim 570, wherein /controlling the average temperature comprises 
10 maintaining a temperature in the selected/section within a pyrolysis temperature range. 

575. The method of claim 570, wherein the one or more heat sources comprise 
electrical heaters. / 

15 576. The method of claim 570, wherein the one or more heat sources comprise surface 
burners. / 

577. The method of claim 57Q( wherein the one or more heat sources comprise 
flameless distributed combustors. 

20 / 

578. The method of claim 570, wherein the one or more heat sources comprise natural 
distributed combustors. / 

579. The method of claim 570, further comprising controlling a temperature within at 
25 least a majority of the selected section of the formation, wherein the pressure is 

controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. / 

580. The method of claim 570, further comprising controlling the heat such that an 
30 average heating rate of jthe selected section is less than about 1 °C per day during 

pyrolysis. 
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581. The method of claim 570, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formatioi/has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation:/ 

Pwr = /**F*C v */>* / 

wherein Pwr is the heating eneray/day, h is an average heating rate of the 
formation, p B is formation bulk density and wherein the heating rate is less than about 10 
°C/day. / 

582. The method of claim 570, wherein allowing the heat to transfer comprises 
transferring heat substantially byyconduction. 

583. The method of claim 570, wherein providing heat from the one or more heat 
sources comprises heating tip selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

584. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and whe/ein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

585. The method of claim 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 
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586. The method of claim 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

5 587. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

588. The method of claim 570, whereinihe produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons i/s oxygen. 

589. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than/about 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is sulfur. 

590. The method of claim 570/wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 vo by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

20 containing compounds comprise phenols. 

591. The method of claim/570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic /compounds. 

25 / 

592. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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593. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

/ 

5 594. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight tp about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

595. The method of claim 570, wherein the Produced mixture comprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is lpss than about 80 % by volume of the non- 
condensable component. 

15 596. The method of claim 570, whe/ein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

597. The method of claim 570, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

20 

598. The method of claim 5tf0, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

25 599. The method of claim 570, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 



30 



600. The method of daim 570, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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601. The method of claim 570, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

/ 

602. The method of claim 570, further comprising: 

5 providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and / 

heating a portion of the section with heart from hydrogenation. 

603. The method of claim 570, wherein tWe produced mixture comprises hydrogen and 
10 condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

produced condensable hydrocarbons with/at least a portion of the produced hydrogen. 

604. The method of claim 570, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 

15 millidarcy. / 

605. The method of claim 570, wherein allowing the heat to transfer comprises 
substantially uniformly increa/ing a permeability of a majority of the selected section. 

20 606. The method of claim 570, wherein the heat is controlled to yield greater than 

about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

607. The method of claim 570, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 

25 the formation for each production well. 

608. The methodrof claim 570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

30 sources comprises a triangular pattern. 
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609. The method of claim 570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

5 over an area of the formation to form a repetitive /pattern of units. 

610. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat to at least a portion of a/hydrocarbon containing formation such 

that a temperature (7) in a substantial part oy the heated portion exceeds 270 °C and 
10 hydrocarbons are pyrolyzed within the heated portion of the formation; 

controlling a pressure (p) within ay least a substantial part of the heated portion of 
the formation; / 

wherem Pbar >e"- A/T) + B - 267 ? J ; 

wherein p is the pressure in bar absolute and T is the temperature in degrees K, 
15 and A and B are parameters that are larger than 10 and are selected in relation to the 
characteristics and composition of the hydrocarbon containing formation and on the 
required olefin content and carbon number of the pyrolyzed hydrocarbon fluids; and 

producing pyrolyzed hydrocarbon fluids from the heated portion of the formation. 

20 611. The method of claim 010, wherein A is greater than 14000 and B is greater than 
about 25 and a majority of tkfe produced pyrolyzed hydrocarbon fluids have an average 
carbon number lower than 25 and comprise less than about 10 % by weight of olefins. 

612. The method of clatim 610, wherein 7 is less than about 390 °C, p is greater than 
25 about 1 .4 bar, A is greater than about 44000, and b is greater than about 67, and a 

majority of the producer! pyrolyzed hydrocarbon fluids have an average carbon number 
less than 25 and comprise less than 10 % by weight of olefins. 

613. The method of claim 610, wherein T is less than about 390 °C, p is greater than 
30 about 2 bar, A is less/than about 57000, and b is less than about 83, and a majority of the 
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produced pyrolyzed hydrocarbon fluids have an average carbon number lower than about 
21. 



10 



15 



20 



614. The method of claim 610, further comprising controlling the heat such that an 
average heating rate of the heated portion is less thai/ about 3°C per day during 
pyrolysis. 

615. The method of claim 610, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least somjfc hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day prodded to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = /**F*C v */>5 

wherein Pwr is the heating e&iergy/day, h is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

616. The method of claim 6A0, wherein heat is transferred substantially by conduction 
from one or more heat sources located in one or more heat sources to the heated portion 
of the formation. 



25 



30 



617. The method of clatfn 616, wherein the heat sources comprise heaters in which 
hydrocarbons are either injected into a heaters or released by the hydrocarbon containing 
formation adjacent to a neater by an oxidant injected into the heater in or adjacent to 
which the combustion occurs and wherein at least part of the produced combustion gases 
are vented to surface via the heater in which the combustion occurs. 
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618. The method of claim 617, wherein heat is transferred substantially by conduction 
from one or more heat sources to the heated portion of the formation such that the 
thermal conductivity of at least part of the heated portion is substantially uniformly 
modified to a value greater than about 0.6 W/m °C ^nd the permeability of said part 
increases substantially uniformly to a value greater than 1 Darcy. 

619. The method of claim 610, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and HZ, wherein a partial pressure of H 2 within 
the mixture flowing through the formation is greater than 0.5 Bar. 

620. The method of claim 6 1 9, further comprising, hydrogenating a portion of the 
produced pyrolyzed hydrocarbon fluids wip at least a portion of the produced hydrogen 
and heating the fluids with heat from hydyogenation . 



15 62 1 . The method of claim 610, wherein the hydrocarbon containing formation is a coal 
seam and at least about 70% of the hydrocarbon content of the coal, when such 
hydrocarbon content is measured by p, Fischer assay, is produced from the heated portion 
of the formation. 

20 622.The method of claim 610, wherein the substantially gaseous pyrolyzed hydrocarbon 
fluids are produced from a production well, the method further comprising heating a 
wellbore of the production wejA to inhibit condensation of the hydrocarbon fluids within 
the wellbore. 

25 623. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat fronj one or more heat sources to at least a portion of the 
formation; 

allowing the heat io transfer from the one or more heat sources to a selected 
section of the formation io raise an average temperature within the selected section to, or 
30 above, a temperature that will pyrolyze hydrocarbons within the selected section; 
producing a mixture from the formation; and 
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controlling a weight percentage of olefins of the produced mixture to be less than 
about 20 % by weight by controlling average pressure and average temperature in the 
selected section such that the average pressure in the ^selected section is greater than the 
pressure (p) set forth in the following equation for aji assessed average temperature (7) in 
5 the selected section: 

[-57000/7/ + 83] 

p = e L Y 
where p is measured in psia and T is measured m 0 Kelvin. 

10 624. The method of claim 623 , wherein the weight percentage of olefins of the 

produced mixture is controlled to be less tl/an about 10 % by weight, and wherein the 
equation is: 

J-16000/T+28] 

15 625. The method of claim 623, wherein the weight percentage of olefins of the 

produced mixture is controlled to bp less than about 5 % by weight, and wherein the 
equation is: 

= e f-12000/T+ 22] 

20 626. The method of claim £23, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hwocarbons within the selected section of the formation. 



25 



627. The method of qAaim 623, wherein the one or more heat sources comprise 
electrical heaters. 



628. The method pf claim 623, wherein the one or more heat sources comprise surface 
burners. 



30 629. The method of claim 623, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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630. The method of claim 623, wherein the one or more heat sources comprise natural 
distributed combustors. 

63 1 . The method of claim 623, further comprising controlling a temperature within at 
5 least a majority of the selected section of the formation, wherein the pressure is 

controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. / 

632. The method of claim 63 1 , wherein controlling an average temperature comprises 
10 maintaining a temperature within the selected section within a pyrolysis temperature 

range. / 

633. The method of claim 623, further comprising controlling the heat such that an 
average heating rate of the selected se/tion is less than about 3.0 °C per day during 

15 pyrolysis. / 

634. The method of claim 623, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

20 / 

635. The method of claim/623, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources,/wherein the formation has an average heat capacity (C v ), and 
25 wherein the heating pyroiyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C\*p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

/ 

5 636. The method of claim 623, wherein allowing ihe heat to transfer comprises 
transferring heat substantially by conduction. / 

637. The method of claim 623, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 

10 least a portion of the selected section is greater than about 0.5 W/(m °C). 

638. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

15 639. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0(1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

640. The method of claim 623, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, auid wherein about 0. 1 % by weight to about 1 5 % by weight 

of the non-condensable hydrocarbons are olefins. 

641 . The method of claim 623, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
25 condensable hydrocarbons ranges from about 0.001 to about 0.15. 

642. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condemsable hydrocarbons is nitrogen. 

30 / 

i 
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643. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight/when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

5 644. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by jveight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

645. The method of claim 623, wherein the produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

646. The method of claim 623, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 



20 



647. The method of claim 623 /wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 5 % by weight of the condensable 
hydrocarbons comprises multiAring aromatics with more than two rings. 



25 



648. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

649. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 650. The method of claim 623, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

65 1 . The method of claim 623, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

652. The method of claim 623, wherein /he produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

653. The method of claim 623, former comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and Kb, wherein a partial pressure of H 2 
within the mixture is greater than apout 0.5 bar. 

654. The method of claim 623L wherein the partial pressure of H2 is measured when the 
mixture is at a production well/ 

655. The method of claimf 623, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

656. The method of claim 623, wherein controlling formation conditions comprises 
recirculating a portidn of hydrogen from the mixture into the formation. 

657. The method of claim 623, further comprising: 

providing liydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 
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658. The method of claim 623, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a/portion of the produced hydrogen. 

659. The method of claim 623, wherein alloWing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

660. The method of claim 623 , wherein Allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

661 . The method of claim 623, furthfer comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

662. The method of claim 623/wherein producing the mixture comprises producing 
the mixture in a production welK and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

663 . The method of claimf 623 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

664. The method of cflaim 623, further comprising providing heat from three or more 
heat sources to at least/a portion of the formation, wherein three or more of the heat 
sources are located irythe formation in a unit of heat sources, wherein the unit of heat 
sources comprises a iriangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

665. A method of treating a hydrocarbon containing formation in situ, comprising: 
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J-14000/T + 25] 



providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

producing a mixture from the formation; and 

controlling hydrocarbons having carbon numbers greater than 25 of the produced 
mixture to be less than about 25 % by /weight by controlling average pressure and average 
temperature in the selected section such that the average pressure in the selected section 
is greater than the pressure (p) set forth in the following equation for an assessed average 
temperature (7) in the selected seqtion: 

p = e< 

where p is measured in psia anjfl T is measured in ° Kelvin. 

666. The method of clainy 662, wherein the hydrocarbons having carbon numbers 
greater than 25 of the produced mixture is controlled to be less than about 20 % by 
weight, and wherein the Equation is: 

[-16000/T + 28] 

p = e 

667. The method or claim 662, wherein the hydrocarbons having carbon numbers 
greater than 25 of the produced mixture is controlled to be less than about 1 5 % by 
weight, and wherep the equation is: 

p = e H8000/T+32] 

668. The met/hod of claim 662, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



30 669. The Method of claim 662, wherein the one or more heat sources comprise 
electrical hekters. 
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670. The method of claim 662, wherein the one or more heat sources comprise surface 
burners. 

671. The method of claim 662, wherein the o^e or more heat sources comprise 
flameless distributed combustors. / / 

1 

the one or more heat sources comprise natural 

tfier comprising controlling a temperature within at 
In of the formation, wherein the pressure is 
ire, or the temperature is controlled as a function of 

674. The method of claim 67fo, wherein controlling the temperature comprises 
maintaining a temperature witnin the selected section within a pyrolysis temperature 
range. / 

675. The method of claim 662, further comprising controlling the heat such that an 
average heating rate of me selected section is less than about 1 °C per day during 
pyrolysis. / 

676. The method of claim 662, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; anfd 

wherein neating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = ti*V*C v *p B 



672. The method of claim 662, wherei 
distributed combustors. 



673. The method of claim 662, 
least a majority of the selected secti^ 
controlled as a function of tempera 
pressure. 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

5 677. The method of claim 662, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

678. The method of claim 662, wnerein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 

10 a portion of the selected section is greater than about 0.5 W/(m °C). 

679. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons having an API suavity of at least about 25°. 

15 680. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

68 1 . The method of claim 662, wherein the produced mixture comprises non- 
20 condensable hydrocaipons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

682. The methoa of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, ana wherein less than about 1 % by weight, when calculated on an atomic 

25 basis, of the condensable hydrocarbons is nitrogen. 

683. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

30 / 
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684. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

5 685. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weighyto about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing/compounds, and wherein the oxygen 
containing compounds comprise phenols/ 

10 686. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

687. The method of claim 662,/wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less/han about 5 % by weight of the condensable 

hydrocarbons comprises multi/ring aromatics with more than two rings. 

688. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes. 

689. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and ^herein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

25 / 

690. The method of claim 662, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
30 condensable oomponent. 
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691 . The method of claim 662, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



692. The method of claim 662, wherein the produced mixture comprises ammonia, and 
5 wherein the ammonia is used to produce fertilizer. 

693. The method of claim 662, furtner comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than apout 0.5 bar. 

10 

694. The method of claim 662/ wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

695. The method of claim 062, further comprising altering a pressure within the 
15 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about [25. 



20 



696. The method of claim 662, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and j 

heating a portion of the section with heat from hydrogenation. 



25 



697. The method of claim 662, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



30 



698. The method of claim 662, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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699. The method of claim 662, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



700. The method of claim 662, further comprising controlling the heat to yield greater 

/ 

5 than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

701 . The method of claim 662, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 

1 0 the formation for each production well. / 

702. The method of claim 662, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

1 5 sources comprises a triangular pattern. 

703. The method of claim 661, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

20 sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

704. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

25 formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature mat will pyrolyze hydrocarbons within the selected section; 
producing a mixture from the formation; and 
30 controlling an atomic hydrogen to carbon ratio of the produced mixture to be 

greater than about 1|7 by controlling average pressure and average temperature in the 
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selected section such that the average pressure in the selected section is greater than the 
pressure (p) set forth in the following equation for an assessed average temperature (7) in 
the selected section: 

p = e [-38000(T+6I] 

where p is measured in psia and T is measured/in ° Kelvin. 



10 



705. The method of claim 704, wherein the atomic hydrogen to carbon ratio of the 
produced mixture is controlled to be greater than about 1.8, and wherein the equation is: 

J-13000/T+ 24] 



15 



706. The method of claim 704, wherein the atomic hydrogen to carbon ratio of the 
produced mixture is controlled to b^greater than about 1 .9, and wherein the equation is: 

ip = e [-8000/T+18]^ 

707. The method of claim 70jf 9 wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



20 708. The method of claym 704, wherein the one or more heat sources comprise 
electrical heaters. 



25 



709. The method of/claim 704, wherein the one or more heat sources comprise surface 
burners. 

710. The method/of claim 704, wherein the one or more heat sources comprise 
flameless distributed combustors. 



711. The method of claim 704, wherein the one or more heat sources comprise natural 
30 distributed combustors. 
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712. The method of claim 704, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. / 

drolling the temperature comprises 
section within a pyrolysis temperature 

10 714. The method of claim 704, furtlWcomprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

715. The method of claim 704, wherein providing heat from the one or more heat 
15 sources to at least the portion of rormation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, whe/ein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 
20 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *L 

wherein Pwr i^the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
25 °C/day. / 

716. The method of claim 704, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



713. The method of claim 712, wherein coi 
maintaining a temperature within the selected 
range. / 
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717. The method of claim 704, wherein providing hea^from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about Q^5 W/(m °C). 

5 718. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

719. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 

10 condensable hydrocarbons are olefins. / 

720. The method of claim 704, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons/are olefins. 

721 . The method of claim 704, wherein the produced mixture comprises non- 
condensable hydrocarbons, and Wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0,001 to about 0. 15. 

20 722. The method of clainy 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

723. The method of claim 704, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 

724. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

30 basis, of the condensable hydrocarbons is sulfur. 
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725. The method of claim 704, wherein the produced mixture comprises condensable 

/ 

hydrocarbons, wherein about 5 % by weight to about 3 0 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

produced mixture comprises condensable 
:0 % by weight of the condensable 

10 727. The method of claim 704, whereii^ the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

728. The method of claim 704, vynerein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

hydrocarbons are asphaltenes. / 

729. The method of claim y 04, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

20 condensable hydrocarbons are cycloalkanes. 

730. The method of c/aim 704, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen As greater than about 10 % by volume of the non-condensable 

25 component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

73 1 . The method of claim 704, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

30 / 



726. The method of claim 704, wherein the 
hydrocarbons, and wherein greater than abou^ 
hydrocarbons are aromatic compounds. 
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732. The method of claim 704, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

733. The method of claim 704, further comprising coAtrolling formation conditions to 
5 produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 

within the mixture is greater than about 0.5 bar. / 

734. The method of claim 704, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. / 

10 / 

735. The method of claim 704, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

15 736. The method of claim 704, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

737. The method of claim 704, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
20 within the section; and / 

heating a portion of the section with heat from hydrogenation. 

738. The method of claim 704, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, me method further comprising hydrogenating a portion of the 

25 produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

739. The method of claim 704, wherein allowing the heat to transfer comprises 
increasing a permeability/of a majority of the selected section to greater than about 100 
millidarcy. / 

30 
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740. The method of claim 704, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

741 . The method of claim 704, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocajfbons, as measured by the Fischer 
Assay. / 



742. The method of claim 704, wherein producing the mixture comprises producing 
the mixture in a production well, and whereiryat least about 7 heat sources are disposed in 
the formation for each production well. / 

743. The method of claim 704, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern/ 

744. The method of claim 704, rarther comprising providing heat from three or more 
heat sources to at least a portion oi the formation, wherein three or more of the heat 
sources are located in the format/on in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

745. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least one portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

controlling a pressure-temperature relationship within at least the selected section 
of the formation by selected energy input into the one or more heat sources and by 
pressure release from tne selected section through wellbores of the one or more heat 
sources; and 
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producing a mixture from the formation. 



746. The method of claim 745, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 

5 pyrolyzes at least some hydrocarbons within the selected section of the formation. 

747. The method of claim 745, wherein the one/or more heat sources comprise at least 
two heat sources. / 

10 748. The method of claim 745, wherein tlWone or more heat sources comprise surface 
burners. / 

749. The method of claim 745, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

15 J 

750. The method of claim 745, whferein the one or more heat sources comprise natural 
distributed combustors. / 

75 1 . The method of claim 746, further comprising controlling the pressure-temperature 
20 relationship by controlling a rate of removal of fluid from the formation. 

752. The method of claim 745, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

25 / 

753. The method of claim 745, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
30 wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
5 formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

754. The method of claim 745, wherein allowing the heat to transfer comprises 
transferring heat substantially by conductions 

10 / 

755. The method of claim 745, wherein providing heat from the one or more heat 
sources comprises heating the selected s/ection such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

15 756. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

757. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein aoout 0. 1 % by weight to about 1 5 % by weight of the 

20 condensable hydrocarbons are olefins. 

758. The method of claam 745, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable/hydrocarbons are olefins. 

25 / 

759. The method of claim 745, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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760. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

5 761 . The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % \J/ weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

762. The method of claim 745, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about A % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is/sulfur. 

763. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by yweight to about 30 % by weight of the condensable 

15 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

764. The method of claim 746, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

20 hydrocarbons are aromatic compounds. 

765. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

25 / 

766. The method of claim 745, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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767. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

5 768. The method of claim 745, wherein the produced' mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than/about 80 % by volume of the non- 
condensable component. / 
10 / 

769. The method of claim 745, wherein the/produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weighyof the produced mixture is ammonia. 

770. The method of claim 745, whereirythe produced mixture comprises ammonia, and 
1 5 wherein the ammonia is used to produce/fertilizer. 

771 . The method of claim 745, further comprising controlling a pressure within at least 
a majority of the selected section of ine formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. / 

20 / 

772. The method of claim 745, further comprising controlling formation conditions to 
produce a mixture of hydrocayoon fluids and H 2 , wherein the partial pressure of H 2 within 
the mixture is greater than al/out 0.5 bar. 

25 773. The method of claim 745, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

774. The method of claim 745, wherein the partial pressure of H 2 is measured when the 
30 mixture is at a production well. 
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775. The method of claim 745, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

5 776. The method of claim 745, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

777. The method of claim 745, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
10 within the section; and / 

heating a portion of the section with heat from hydrogenation. 

778. The method of claim 745, whe/ein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

15 produced condensable hydrocarbon? with at least a portion of the produced hydrogen. 

779. The method of claim 745/ wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

20 / 

780. The method of clami 745, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

78 1 . The method oyclaim 745, further comprising controlling the heat to yield greater 
25 than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 

Assay. / 

782. The method of claim 745, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 

30 the formation for each production well. 
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783. The method of claim 745, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

/ 

784. The method of claim 745, further composing providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit: of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, ana wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

785. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a selected volume (V) of the/hydrocarbon containing formation, wherein 
formation has an average heat capacity (C v ), and wherein the heating pyrolyzes at least 
some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/aay provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by me equation: 
Pwr = h*V*C v *p B I 
wherein Pwr is the heating energy/day, h is an average heating rate of the formation, 
p B is formation bulk density, and wherein the heating rate is less than about 10 °C/day. 

786. The method of claim 785, wherein heating a selected volume comprises heating 
with an electrical heater. 

787. The method/of claim 785, wherein heating a selected volume comprises heating 
with a surface burner. 

788. The methbd of claim 785, wherein heating a selected volume comprises heating 
with a flameless/distributed combustor. 
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789. The method of claim 785, wherein heating a selected volume comprises heating 
with a natural distributed combustors. 

790. The method of claim 785, further comprising controlling a pressure and a 

5 temperature within at least a majority of the selected/volume of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

791 . The method of claim 785, further comprising controlling the heating such that an 
10 average heating rate of the selected volume is less than about 1 °C per day during 

pyrolysis. / 

792. The method of claim 785, where/n a value for C v is determined as an average heat 
capacity of two or more samples takeryfrom the hydrocarbon containing formation. 

15 / 

793. The method of claim 785, wnerein heating the selected volume comprises 
transferring heat substantially by conduction. 

794. The method of claim 7a5, wherein heating the selected volume comprises heating 
20 the selected section such that A thermal conductivity of at least a portion of the selected 

section is greater than about/0.5 W/(m °C). 

795. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

25 / 

796. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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797. The method of claim 785, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. / 

5 798. The method of claim 785, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molau: ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from abouyO.001 to about 0.15. 

799. The method of claim 785, wherein me produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

800. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thaia about 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocapons is oxygen. 

801. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hvurocarbons is sulfur. 

20 / 

802. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

25 / 

803. The method/of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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804. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics Wth more than two rings. 

5 805. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

806. The method of claim 785, where/n the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

condensable hydrocarbons are cycloaljKanes. 

807. The method of claim 785, wnerein the produced mixture comprises a non- 
condensable component, wherein me non-condensable component comprises hydrogen, 

15 wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hyyfrogen is less than about 80 % by volume of the non- 
condensable component. / 

808. The method of claim 785, wherein the produced mixture comprises ammonia, and 
20 wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

809. The method of c|aim 785, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer 

25 810. The method or claim 785, further comprising controlling a pressure within at least 
a majority of the selected volume of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

811. The methoa of claim 785, further comprising controlling formation conditions to 
30 produce a mixture/ from the formation comprising condensable hydrocarbons and H2, 
wherein a partial pressure of H2 within the mixture is greater than about 0.5 bar. 
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812. The method of claim 785, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. / 

5 813. The method of claim 785 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

814. The method of claim 785, whefein controlling formation conditions comprises 
10 recirculating a portion of hydrogen from the mixture into the formation. 

815. The method of claim 785, Airther comprising: 

providing hydrogen (H 2 ) lo the heated volume to hydrogenate hydrocarbons 
within the volume; and / 
15 heating a portion of the volume with heat from hydrogenation. 

816. The method of claftm 785, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

20 produced condensable/hydrocarbons with at least a portion of the produced hydrogen. 

817. The method/of claim 785, further comprising increasing a permeability of a 
majority of the selected volume to greater than about 100 millidarcy. 

25 818. The method of claim 785, further comprising substantially uniformly increasing a 
permeability of/a majority of the selected volume. 

8 1 9. The mfethod of claim 785, further comprising controlling the heat to yield greater 
than about 60/% by weight of condensable hydrocarbons, as measured by the Fischer 
30 Assay. 
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820. The method of claim 785, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

/ 
/ 
/ 

5 821 . The method of claim 785, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

10 822. The method of claim 785, further comprising providing heat from three or more 
heat sources to at least a portion of the foraiation, wherein three or more of the heat 
sources are located in the formation in i/unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern/and wherein a plurality of the units are repeated 
over an area of the formation to ferny a repetitive pattern of units. 

15 

823. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one yOr more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
20 section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that wpl pyrolyze hydrocarbons within the selected section; 

controlling heat output from the one or more heat sources such that an average 
heating rate of the selected section rises by less than about 3 °C per day when the average 
temperature of the selected section is at, or above, the temperature that will pyrolyze 
25 hydrocarbons within the/selected section; and 
producing a mimure from the formation. 

824. The method of claim 823, controlling heat output comprises: 

raising the average temperature within the selected section to a first temperature 
30 that is at or above a ipinimum pyro lysis temperature of hydrocarbons within the 
formation; 
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15 



limiting energy input into the one or more heat sources to inhibit increase in 
temperature of the selected section; and 

increasing energy input into the formation to raise an average temperature of the 
selected section above the first temperature when/production of formation fluid declines 
below a desired production rate. 

/ 

825. The method of claim 823, controlling heat output comprises: 

raising the average temperature within the selected section to a first temperature 
that is at or above a minimum pyrolysis temperature of hydrocarbons within the 
formation; 

limiting energy input into the om/or more heat sources to inhibit increase in 
temperature of the selected section; anc 

increasing energy input into the formation to raise an average temperature of the 
selected section above the first temperature when quality of formation fluid produced 
from the formation falls below a desired quality. 



20 



826. The method of claim 823/ wherein the one or more heat sources comprise at least 
two heat sources, and wherein Superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section. 

827. The method of claifn 823, wherein the one or more heat sources comprise 
electrical heaters. 



25 



828. The method of c/aim 823, wherein the one or more heat sources comprise surface 
burners. 



30 



829. The method off claim 823, wherein the one or more heat sources comprise 
flameless distributed iombustors. 

830. The method c f claim 823, wherein the one or more heat sources comprise natural 
distributed combustcrs. 
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83 1 . The method of claim 823, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 



832. The method of claim 823, wherein the heat is controlled that an average heating 
rate of the selected section is less than about 1 .5 °G per day during pyrolysis. 

833. The method of claim 823, wherein the hpat is controlled that an average heating 
rate of the selected section is less than about lrC per day during pyrolysis. 

834. The method of claim 823, wherein providing heat from the one or more heat 
sources to at least the portion of formation/ comprises: 

heating a selected volume (V) of me hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least/some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day/provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulw density. 

835. The method of claim/823, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

836. The method of claim 823, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected Section is greater than about 0.5 W/(m °C). 
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837. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

838. The method of claim 823, wherein the produced mixture comprises condensable 
5 hydrocarbons, and wherein about 0.1 % by weight to/about 1 5 % by weight of the 

condensable hydrocarbons are olefins. / 

839. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, wherein the condensable hydrocarbons have an olefin content is less than 

10 about 2.5 % by weight of the condensable hydrocarbons, and wherein the olefin content 
is greater than about 0.1 % by weight of the condensable hydrocarbons. 

840. The method of claim 823, wherein me produced mixture comprises non- 
condensable hydrocarbons, wherein a morar ratio of ethene to ethane in the non- 

15 condensable hydrocarbons is less than aftout 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.00 1 . / 

841 . The method of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
20 condensable hydrocarbons is lessAhan about 0.10 and wherein the ratio of ethene to 

ethane is greater than about O.OOA. 

842. The method of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbons, ami wherein a molar ratio of ethene to ethane in the non- 
25 condensable hydrocarbons is iess than about 0.05 and wherein the ratio of ethene to 

ethane is greater than about 0.001. 

843. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and whereinf iess than about 1 % by weight, when calculated on an atomic 

30 basis, of the condensable Hydrocarbons is nitrogen. 
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844. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

5 845. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

846. The method of claim 823, wherein the produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

847. The method of claim 823, wherein me produced mixture comprises condensable 
15 hydrocarbons, and wherein greater than aWout 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. / 

848. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thary about 5 % by weight of the condensable 

20 hydrocarbons comprises multi-ring /aromatics with more than two rings. 

849. The method of claim 823, Avherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

25 / 

850. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

30 851. The method of claim 823, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

852. The method of claim 823, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

7 

853. The method of claim 823, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer/ 

854. The method of claim 823, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. / 

855. The method of claim 823, further Comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about/0.5 bar. 

856. The method of claim 823, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

857. The method of claim 823, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

858. The method of claim 823, 
recirculating a portion of hydrogei 

859. The method of claim 823,/further comprising: 



lerein controlling formation conditions comprises 
/from the mixture into the formation. 
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providing H 2 to the heated section to hydrogenate hydrocarbons within the 
section; and 

heating a portion of the section with heat from hydrogenation. 



860. The method of claim 823, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



86 1 . The method of claim 823, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the/selected section to greater than about 100 
millidarcy. 

862. The method of claim 823, wherein/allowing the heat to transfer comprises 
substantially uniformly increasing a penr/eability of a majority of the selected section. 

863. The method of claim 823, further comprising controlling the heat to yield greater 
than about 60 % by weight of conden/able hydrocarbons, as measured by the Fischer 
Assay. 

864. The method of claim 823, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

865. The method of claim 823, further comprising providing heat from three or more 
heat sources to at least a portioh of the formation, wherein three or more of the heat 
sources are located in the fornlation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



866. The method of claim 1823, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the fo rmation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

867. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at lea^t a portion of the 
formation; to heat a selected section of the formation to an ^verage temperature above 
about 270 °C; 



allowing the heat to transfer from the one or mo/e heat sources to the selected 
section of the formation; 
10 controlling the heat from the one or more heaf sources such that an average 

heating rate of the selected section is less than aboj/t 3 °C per day during pyrolysis; and 

producing a mixture from the formation. 

868. The method of claim 867, wherein theyone or more heat sources comprise at least 
15 two heat sources, and wherein superpositionyof heat from at least the two heat sources 

pyrolyzes at least some hydrocarbons within the selected section of the formation. 

869. The method of claim 867, wherejn the one or more heat sources comprise 
electrical heaters. 

20 

870. The method of claim 867, furper comprising supplying electricity to the electrical 
heaters substantially during non-peax hours. 

871 . The method of claim 867, /vherein the one or more heat sources comprise surface 
25 burners. 

872. The method of claim 86(7, wherein the one or more heat sources comprise 
flameless distributed combustors. 

30 873. The method of daily 867, wherein the one or more heat sources comprise natural 
distributed combustors. 
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874. The method of claim 867, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. j 

875. The method of claim 867, wherein the heat is further controlled such that an 
average heating rate of the selected section is less tttan about 3 °C/day until production of 
condensable hydrocarbons substantially ceases. 

876. The method of claim 867, wherein the heat is further controlled that an average 
heating rate of the selected section is less than About 1.5 °C per day during pyrolysis. 



877. The method of claim 867, wherein thfe heat is further controlled such that an 
15 average heating rate of the selected section/is less than about 1 °C per day during 

pyrolysis. 

878. The method of claim 867, wherelin providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

20 heating a selected volume (V) of the hydrocarbon containing formation from the 

one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at leasjt some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day /provided to the volume is equal to or less than Pwr, 
25 wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density. 



30 879. The method of claim 86/7, wherein allowing the heat to transfer comprises 
transferring heat substantially toy conduction. 
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880. The method of claim 867, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 

a portion of the selected section is greater than about 0.5 W/(m °C). 

/ 

881. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



882. The method of claim 867, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 0.1 % by we/ght to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



15 



883. The method of claim 867, wherein ihe produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



20 



884. The method of claim 867, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less |han about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 



25 



885. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

886. The method of claim/867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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887. The method of claim 867, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

/ 

basis, of the condensable hydrocarbons is sulfur. 

/ 

5 888. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols/ 

10 889. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

890. The method of claim 867,/wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less man about 5 % by weight of the condensable 
hydrocarbons comprises multi^ring aromatics with more than two rings. 



20 



891. The method of claim/867, wherein the produced mixture comprises condensable 
hydrocarbons, and whereiry less than about 0.3 % by weight of the condensable 
hydrocarbons are asphalte/nes. 



25 
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892. The method of daim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

893. The method of claim 867, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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894. The method of claim 867, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



895. The method of claim 867, wherein the produced mixture comprises ammonia, and 
5 wherein the ammonia is used to produce fertilizer. 



10 



896. The method of claim 867, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, yherein the controlled pressure is at 
least about 2.0 bar absolute. 



15 



897. The method of claim 867, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

898. The method of claim 897, whereii/ the partial pressure of H 2 is measured when the 
mixture is at a production well. 



899. The method of claim 867, further comprising altering a pressure within the 
20 formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



25 



30 



900. The method of claim 867, Avherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

90 1 . The method of claim 867, further comprising: 

providing hydrogen (fy 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of fhe section with heat from hydrogenation. 
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902. The method of claim 867, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

/ 

903. The method of claim 867, wherein allowing th/heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



10 



904. The method of claim 867, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



15 



905. The method of claim 867, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensabl^ hydrocarbons, as measured by the Fischer 
Assay. 

906. The method of claim 867, wherein producing the mixture comprises producing 
the mixture in a production well, ana wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



20 907. The method of claim 867, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



25 



30 



908. The method of claim 867, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

909. A method of treating a hydrocarbon containing formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; / 
5 producing a mixture from the formation through M least one production well; 

monitoring a temperature at or in the production well; and 
controlling heat input to raise the monitored temperature at a rate of less than 

about 3 °C per day. / 

10 910. The method of claim 909, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition ofrneat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within me selected section of the formation. 

911. The method of claim 909, wherein the one or more heat sources comprise 
15 electrical heaters. / 

912. The method of claim 909, wherein the one or more heat sources comprise surface 
burners. / 

20 913. The method of claim 909,Avherein the one or more heat sources comprise 
flameless distributed combustors/. 

914. The method of claim 909, wherein the one or more heat sources comprise natural 
distributed combustors. / 

25 / 

915. The method of claim 909, further comprising controlling a pressure and a 
temperature within at least /a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

30 / 
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916. The method of claim 909, wherein the heat is controlled that an average heating 
rate of the selected section is less than about 1 °C per day during pyrolysis. 



10 



15 



917. The method of claim 909, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises/ ' 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided t<ft the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = /z*F*C v *p 5 

wherein Pwr is the heating energy/^lay, h is an average heating rate of the 
formation, p B is formation bulk density. 

918. The method of claim 909, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



919. The method of claim 909, wherein providing heat from the one or more heat 
20 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



25 



920. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

921 . The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



30 



922. The method of claim 909, wherein the produced mixture comprises non- 



condensable hydrocarbons 



wherein a molar ratio of ethene to ethane in the non- 
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condensable hydrocarbons is less than about 0.1 5, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 



923. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %'by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

924. The method of claim 909, wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons As oxygen. 

925. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

926. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about/5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

927. The method oyclaim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

928. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, ana wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

929. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, ^id wherein less than about 0.3 % by weight of the condensable 
hydrocarbons a*e asphaltenes. 
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930. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

/ 

5 

/ 

93 1 . The method of claim 909, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about V0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
10 condensable component. / 

932. The method of claim 909, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

15 933. The method of claim 909, vynerein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

934. The method of claim 90S, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 

20 least about 2.0 bar absolute. / 

935. The method of claim 909, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greafter than about 0.5 bar. 

25 / 

936. The method of claim 935, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

937. The method of claim 909, further comprising altering a pressure within the 
30 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater man about 25. 
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938. The method of claim 909, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

939. The method of claim 909, further comprising: 

providing H2 to the heated section to hydrogenate hydrocarbons within the 
section; and / 

heating a portion of the section with neat from hydrogenation. 

940. The method of claim 909, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons With at least a portion of the produced hydrogen. 

941 . The method of claim 909, \Vnerein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

942. The method of claim 909, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

943. The method of claim 909, further comprising controlling the heat to yield greater 
than about 60 % by weigttt of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

944. The method of/claim 909, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for eadh production well. 

945. The method of claim 909, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

946. The method of claim 909, further comprising providing heat from three or more 
5 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of lWat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

10 947. A method of treating a hydrocarbon containing formation in situ, comprising: 

heating a portion of the formation to a temperature sufficient to support oxidation 
of hydrocarbons within the portion, wherein the portion is located substantially adjacent 
to a wellbore; / 

flowing an oxidant through a conduit positioned within the wellbore to a heat 
15 source zone within the portion, wherein the heat source zone supports an oxidation 
reaction between hydrocarbons antvthe oxidant; 

reacting a portion of the oxidant with hydrocarbons to generate heat; and 
transferring generated heat substantially by conduction to a pyrolysis zone of the 
formation to pyrolyze at least ^portion of the hydrocarbons within the pyrolysis zone. 
20 / 

948. The method of claim 947, wherein heating the portion of the formation comprises 
raising a temperature of the portion above about 400 °C. 

949. The method of claim 947, wherein the conduit comprises critical flow orifices, the 
25 method further comprising flowing the oxidant through the critical flow orifices to the 

heat source zone. / 

950. The method of claim 947, further comprising removing reaction products from the 
heat source zone through the wellbore. 

30 / 
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95 1 . The method of claim 947, further comprising removing excess oxidant from the 
heat source zone to inhibit transport of the oxidant to the pyrolysis zone. 

952. The method of claim 947, further comprising transporting the oxidant from the 

' — — — % 

953. The method of claim 947, further comprising heating the conduit with reaction 
products being removed through the wellbore. 

10 954. The method of claim 947, wherein the/oxidant comprises hydrogen peroxide. 

955. The method of claim 947, wherein tne oxidant comprises air. 

956. The method of claim 947, where/n the oxidant comprises a fluid substantially free 
15 of nitrogen. 

957. The method of claim 947, Mther comprising limiting an amount of oxidant to 
maintain a temperature of the heay source zone less than about 1200 °C. 

20 958. The method of claim 94/7, wherein heating the portion of the formation comprises 
electrically heating the formation. 

959. The method of claimf 947, wherein heating the portion of the formation comprises 
heating the portion using ejthaust gases from a surface burner. 

25 

960. The method of claim 947, wherein heating the portion of the formation comprises 
heating the portion with/a flameless distributed combustor. 

961. The method of/claim 947, further comprising controlling a pressure and a 
30 temperature within at /least a majority of the pyrolysis zone, wherein the pressure is 
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controlled as a function of temperature, or the temperature is controlled as a function of 
pressure, 

962. The method of claim 947, further comprising controlling the heat such that an 

5 average heating rate of the pyrolysis zone is less thah about 1 °C per day during pyrolysis. 

963. The method of claim 947, wherein heating/the portion comprises heating the 
pyrolysis zone such that a thermal conductivity oi at least a portion of the pyrolysis zone 
is greater than about 0.5 W/(m °C). / 

10 / 

964. The method of claim 947, further comprising controlling a pressure within at least 
a majority of the pyrolysis zone of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. / 

15 965. The method of claim 947, further Comprising: 

providing hydrogen (H 2 ) to the pyrolysis zone to hydrogenate hydrocarbons 
within the pyrolysis zone; and / 

heating a portion of the pyrolysis zone with heat from hydrogenation. 

20 966. The method of claim 947, wherein transferring generated heat comprises 

increasing a permeability of a majority of the pyrolysis zone to greater than about 100 
millidarcy. / 

967. The method of claim 947/ wherein transferring generated heat comprises 

25 substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 

968. The method of claim 9A7, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

30 969. The method of clain 
pressure differentials along 



f 947, wherein the wellbore is located along strike to reduce 
. heated length of the wellbore. 
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970. The method of claim 947, wherein the wellbore is located along strike to increase 
uniformity of heating along a heated length of the wellbore. 

971 . The method of claim 947, wherein the wellbore is located along strike to increase 
control of heating along a heated length of the wellbpre. 

972. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidant; 

flowing the oxidant into a conduit, and wherein the conduit is connected such that 
the oxidant can flow from the conduit to the hydrocarbons; 

allowing the oxidant and the hydrocarbons to react to produce heat in a heat 
source zone; / 

allowing heat to transfer from the heat source zone to a pyrolysis zone in the 
formation to pyrolyze at least a portidn of the hydrocarbons within the pyrolysis zone; 
and / 

removing reaction products such that the reaction products are inhibited from 
flowing from the heat source zonp to the pyrolysis zone. 

973. The method of claim 972, wherein heating the portion of the formation comprises 
raising the temperature of the/portion above about 400 °C. 

974. The method of claii 
electrically heating the foci 

975. The method of claim 972, wherein heating the portion of the formation comprises 
heating the portion using exhaust gases from a surface burner. 



972, wherein heating the portion of the formation comprises 
lation. 
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976. The method of claim 972, wherein the conduit comprises critical flow orifices, the 
method further comprising flowing the oxidant through the critical flow orifices to the 
heat source zone. 

5 977. The method of claim 972, wherein the conduit/is located within a wellbore, 

wherein removing reaction products comprises removing reaction products from the heat 
source zone through the wellbore. 

978. The method of claim 972, further comprising removing excess oxidant from the 
10 heat source zone to inhibit transport of the oxidant to the pyrolysis zone. 

979. The method of claim 972, further comprising transporting the oxidant from the 
conduit to the heat source zone substantially by diffusion. 

15 980. The method of claim 972, wherein the conduit is located within a wellbore, the 
method further comprising heating the yconduit with reaction products being removed 
through the wellbore to raise a tempe/ature of the oxidant passing through the conduit. 



20 



981 . The method of claim 972, wherein the oxidant comprises hydrogen peroxide. 

982. The method of claim 972, wherein the oxidant comprises air. 

983. The method of claim j?72, wherein the oxidant comprises a fluid substantially free 
of nitrogen. 

984. The method of claim 972, further comprising limiting an amount of oxidant to 
maintain a temperature of the heat source zone less than about 1200 °C. 



985. The method of alaim 972, further comprising limiting an amount of oxidant to 
30 maintain a temperature/ of the heat source zone at a temperature that inhibits production 
of oxides of nitrogen. 



25 
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986. The method of claim 972, wherein heating a portion of the formation to a 
temperature sufficient to support oxidation of hydrocarbons within the portion further 
comprises heating with a flameless distributed combustor. 

987. The method of claim 972, further comprising controlling a pressure and a 
temperature within at least a majority of the pyrolysis zone of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. / 

988. The method of claim 972, further comprising controlling the heat such that an 
average heating rate of the pyrolysis zone isAess than about 1 °C per day during pyrolysis. 

989. The method of claim 972, whereiti allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

990. The method of clpm 972, wherein allowing heat to transfer comprises 
heating the pyrolysis zone such that a thermal conductivity of at least a portion of the 
pyrolysis zone is greater than about 0.5 W/(m °C). 

99 1 . The method of claim 972, further comprising controlling a pressure within at least 
a majority of the pyrolysis zone, wherein the controlled pressure is at least about 2.0 bar 
absolute. / 

992. The method of claim 972, further comprising: 

providing hydrogen (H2) to the pyrolysis zone to hydrogenate hydrocarbons 
within the pyrolysis zone/ and 

heating a portion/of the pyrolysis zone with heat from hydrogenation. 
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993. The method of claim 972, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the pyro lysis zone to greater than about 100 
millidarcy. , 

994. The method of claim 972, wherein allowing thereat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 



995. The method of claim 972, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

996. An in situ method for heating a hydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of tne formation with an oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in the formation; 

providing the oxidizing fluia to a heat source zone in the formation; 

allowing the oxidizing gasfto react with at least a portion of the hydrocarbons at 
the heat source zone to generate Aeat in the heat source zone; and 

transferring the generated heat substantially by conduction from the heat source 
zone to a pyrolysis zone in the formation. 

997. The method of claim 996, further comprising transporting the oxidizing fluid 
through the heat source zone by diffusion. 

998. The method of claim 996, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

999. The method of claim 996, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 
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1000. The method of claim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. / 

5 1001 . The method of claim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring substantial heat from the oxidation product in the conduit to 
the oxidizing fluid in the conduit. / 

10 1002. The method of claim 996, wherein/a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

15 1003. The method of claim 996, wMerein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reducer contamination of the oxidation product by the oxidizing 
fluid. / 

20 / 

1004. The method of claim 996, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the /oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

25 / 

1005. The method of claim 996, wherein the heat source zone extends radially from the 
opening a width of less than approximately 0.15 m. 

1006. The method of claim 996, wherein heating the portion comprises applying 
30 electrical current to an electric heater disposed within the opening. 
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1007. The method of claim 996, wherein the pyrolysis zone is substantially adjacent to 
the heat source zone. 

1008. The method of claim 996, further comprising controlling a pressure and a 

5 temperature within at least a majority of the pyyolysis zone of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. / 

1009. The method of claim 996, further comprising controlling the heat such that an 

10 average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 

1010. The method of claim 996, wherein allowing the heat to transfer comprises 
transferring heat substantially by .conduction. 

15 1011. The method of claim 996, wherein allowing heat to transfer comprises heating the 
portion such that a thermal conductivity of at least a portion of the pyrolysis zone is 
greater than about 0.5 W/(m °C). / 

1012. The method of claim 996, further comprising controlling a pressure within at least 
20 a majority of the pyrolysis zone, wherein the controlled pressure is at least about 2.0 bar 

absolute. / 

1013. The method of claim 996, further comprising: 

providing hydrogen (H2) to the pyrolysis zone to hydrogenate hydrocarbons 
25 within the pyrolysis zone;/and 

heating a portion pf the pyrolysis zone with heat from hydrogenation. 

1014. The method of c! 
increasing a permeabilit 

30 millidarcy. 



(aim 996, wherein allowing the heat to transfer comprises 
of a majority of the pyrolysis zone to greater than about 100 
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1015. The method of claim 996, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 

1016. The method of claim 996, further comprising controlling the heat to yield greater 
5 than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 

Assay. / 

1017. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

10 formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 
n producing a mixture from the formation; and 

J5j maintaining an average temperature within the selected section above a minimum 

*F 15 pyrolysis temperature and below a vaporization temperature of hydrocarbons having 
jr carbon numbers greater than 25 to inhibit production of a substantial amount of 

!H hydrocarbons having carbon numbers/greater than 25 in the mixture. 

2 1018. The method of claim 101 7, Avherein the one or more heat sources comprise at 

=2 20 least two heat sources, and wherein superposition of heat from at least the two heat 
P sources pyrolyzes at least some hydrocarbons within the selected section of the 

formation. 

1019. The method of claim 
25 the selected section comprise 

temperature range. / 

1020. The method of claim 1017, wherein the one or more heat sources comprise 
electrical heaters. / 

30 / 



)17, wherein maintaining the average temperature within 
maintaining the temperature within a pyrolysis 
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1021. The method of claim 1017, wherein the one or more heat sources comprise 
surface burners. 

1 022. The method of claim 1017, wherein the one or more heat sources comprise 
5 flameless distributed combustors. / 

1023. The method of claim 1017, wherein the oile or more heat sources comprise natural 
distributed combustors. / 

1 0 1 024. The method of claim 1017, wherein the minimum pyrolysis temperature is greater 
than about 270 °C. / 

1025. The method of claim 1017, wherein the vaporization temperature is less than 
approximately 450 °C at atmospheric pressure. 

15 / 

1026. The method of claim 1017, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

20 / 

1027. The method of claim 1017, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

25 1028. The method of claim 1017, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrplyzes at least some hydrocarbons within the selected volume of 

30 the formation; and 



420 Conley, Rose & Tayon, P.C. 



wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = /2*F*C v */>s 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 



3 C/day. 



/ 



10 



1029. The method of claim 1017, wherein allovying the heat to transfer comprises 
transferring heat substantially by conduction. 

1030. The method of claim 1017, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 



15 1 03 1 . The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



20 



1032. The method of claim 1017/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein aboutrO.l % by weight to about 15 % by weight of the 
condensable hydrocarbons are a/lefins. 



25 



1033. The method of claim 101 7, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1034. The method of claim 1017, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than/about 0.001 . 
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1 035. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 



1036. The method of claim 1017, wherein the produced mixture comprises condensable 

/ 

hydrocarbons, and wherein less than about 1 %yby weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1037. The method of claim 1017, whereinyche produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about/ 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



15 



1038. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



20 



1039. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



25 



1040. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1041. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and whefein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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1042. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight/to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

5 1 043 . The method of claim 1017, wherein the ^produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about/ 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 
10 / 

1044. The method of claim 1017, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 045. The method of claim 1017, wherein the produced mixture comprises ammonia, 
15 and wherein the ammonia is used jo produce fertilizer. 

1046. The method of claim 10A7, further comprising controlling a pressure within at 
least a majority of the selectecy section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

20 / 

1047. The method of claim 1017, further comprising controlling formation conditions to 
produce a mixture of condejnsable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

25 1048. The method of claim 1047, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 

1049. The method of claim 1017, wherein controlling formation conditions comprises 
recirculating a portion/of hydrogen from the mixture into the formation. 

30 / 

1050. The method of claim 1017, further comprising: 
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providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

/ 

1 05 1 . The method of claim 1017, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method furtner comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1052. The method of claim 1017, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of tjje selected section to greater than about 100 
millidarcy. 

1053. The method of claim 1017, whecfein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1054. The method of claim 1017, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1055. The method of claim 10^7, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1056. The method of clainr 1017, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1057. The method of claim 1017, further comprising providing heat from three or more 
heat sources to at least k portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



10 



1058. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; / 

allowing the heat to transfer from the yne or more heat sources to a selected 
section of the formation; 

controlling a pressure within the focfnation to inhibit production of hydrocarbons 
from the formation having carbon numbers greater than 25; and 

producing a mixture from the formation. 



15 



1059. The method of claim 1058, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



20 



1060. The method of claim 10p8, wherein the one or more heat sources comprise 
electrical heaters. 

1061 . The method of claim /l058, wherein the one or more heat sources comprise 
surface burners. 



25 



1062. The method of claim 1058, wherein the one or more heat sources comprise 
flameless distributed comibustors. 



1063. The method of c/aim 1058, wherein the one or more heat sources comprise natural 
distributed combustorsJ 



30 1064. The method ob claim 1058, further comprising controlling a temperature within at 
least a majority of thef selected section of the formation, wherein the pressure is 
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controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 



1065. The method of claim 1064, wherein controlling the temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 



range. 



10 



1066. The method of claim 1058, further comprising controlling the heat such that an 
average heating rate of the selected section/is less than about 1 °C per day during 
pyrolysis. 



1067. The method of claim 1058, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V)M the hydrocarbon containing formation from the 
15 one or more heat sources, wherein me formation has an average heat capacity (C v ) ? and 
wherein the heating pyrolyzes at lgast some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/dfay provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by th£ equation: 
20 Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bu/k density, and wherein the heating rate is less than about 10 
°C/day. 

25 1068. The method of claiiii 1058, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



30 



1069. The method of claim 1058, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 
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1070. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1071 . The method of claim 1058, wherein the produced mixture comprises condensable 
5 hydrocarbons, and wherein about 0.1 % by weight tc/about 15 % by weight of the 

condensable hydrocarbons are olefins. / 

1072. The method of claim 1058, wherein the pi/oduced mixture comprises non- 
condensable hydrocarbons, and wherein about 0/1 % by weight to about 15 % by weight 

10 of the non-condensable hydrocarbons are olefins. 

1073. The method of claim 1058, wherein tpe produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than aboAt 0.15, and wherein the ratio of ethene to 

1 5 ethane is greater than about 0.001. / 

1074. The method of claim 1058, whferein the produced mixture comprises condensable 
hydrocarbons, and wherein less thaiyabout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

20 / 

1075. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less pan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

25 1076. The method of claim y058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1077. The method of claim 1058, wherein the produced mixture comprises condensable 
30 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

1078. The method of claim 1058, wherein the produced mixture comprises condensable 

5 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. / \ 

/ \ 

1079. The method of claim 1058, wherein tMe produced mixture comprises condensable 
hydrocarbons, and wherein less than about 3 % by weight of the condensable 

10 hydrocarbons comprises multi-ring aromatics with more than two rings. 

1080. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

15 / 

1081. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 51% by weight to about 30 % by weight of the 
condensable hydrocarbons are cyoloalkanes. 

20 1 082. The method of claim 1058, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater/than about 10 % by volume of the non-condensable 
component, and wherein the hwogen is less than about 80 % by volume of the non- 
condensable component. / 

25 / 

1083. The method of claim i058, wherein the produced mixture comprises ammonia, 
and wherein greater than abcpt 0.05 % by weight of the produced mixture is ammonia. 

1084. The method of clain 
30 and wherein the ammonia i 



1058, wherein the produced mixture comprises ammonia, 
used to produce fertilizer. 
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1085. The method of claim 1058, further comprising controlling the pressure within at 

least a majority of the selected section of the formation, wherein the controlled pressure 

/ t 

is at least about 2.0 bar absolute. / 

5 1086. The method of claim 1058, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H^, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

1087. The method of claim 1086, whereiiy the partial pressure of H2 is measured when 
10 the mixture is at a production well. / 

1088. The method of claim 1058, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

15 1089. The method of claim 1058, farther comprising: 

providing hydrogen (H2) to/the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

20 1090. The method of claim 1058, wherein the produced mixture comprises hydrogen 

and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1091. The method of cl 
25 increasing a permeability 

millidarcy. / 

1092. The method of/claim 1058, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

30 



im 1058, wherein allowing the heat to transfer comprises 
f of a majority of the selected section to greater than about 100 
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1093. The method of claim 1058, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

5 1 094. The method of claim 1 05 8, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein least about 7 heat sources are disposed in 
the formation for each production well. 

1095. The method of claim 1058, further comprising providing heat from three or more 
10 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a u^t of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1096. The method of claim 1058, fiirtfier comprising providing heat from three or more 
15 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation m a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to fq/rm a repetitive pattern of units. 

U 20 1097. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from on^ or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; anc 
25 producing a mixture from the formation, wherein the produced mixture comprises 

condensable hydrocarbons; and wherein about 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are olefins. 



30 



1098. The method of daim 1097, wherein the one or more heat sources comprise at 
least two heat sources,/and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1099. The method of claim 1097, wherein the one dr more heat sources comprise 
5 electrical heaters. 

1 100. The method of claim 1097, wherein the oi/e or more heat sources comprise 
surface burners. 

10 1101. The method of claim 1 097, wherein th^ one or more heat sources comprise 
flameless distributed combustors. 



15 



20 



1 102. The method of claim 1097, wherei^i the one or more heat sources comprise natural 
distributed combustors. 

1 103. The method of claim 1097, furrier comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1 104. The method of claim 109^, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. 



25 1 105. The method of clainV 1097, further comprising controlling the heat such that an 
average heating rate of the ^elected section is less than about 1 °C per day during 
pyrolysis. 



30 



1 106. The method of cA aim 1097, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 
5 wherein heating energy/day provided to the Volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: / 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, //is an average heating rate of the 
formation, p B is formation bulk density, and wtterein the heating rate is less than about 10 
10 °C/day. / 

1 1 07. The method of claim 1097, whereiri allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

15 1 108. The method of claim 1097, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

1 109. The method of claim 109/, wherein the produced mixture comprises condensable 
20 hydrocarbons having an API gravity of at least about 25°. 

1110. The method of claim y097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

25 / 

1111. The method of claim 1097, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable liydrocarbons are olefins. 

30 1112. The method ou claim 1 097, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
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condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 

1113. The method of claim 1097, wherein the produced mixture comprises condensable 
5 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

1114. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about l!% by weight, when calculated on an atomic 

10 basis, of the condensable hydrocarbons is oxygen. 

1115. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

15 / 

1116. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 %my weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

20 / 

1117. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

25 1118. The method of claifn 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises/multi-ring aromatics with more than two rings. 

1119. The method of/claim 1 097, wherein the produced mixture comprises condensable 
30 hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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1 120. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

/ 

1121. The method of claim 1 097, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % oy volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
10 condensable component. / 

1 122. The method of claim 1097, wherein me produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

15 1 1 23 . The method of claim 1 097, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 124. The method of claim 1097, further comprising controlling a pressure within at 
least a majority of the selected seciion of the formation, wherein the controlled pressure 

20 is at least about 2.0 bar absolute. / 

1 125. The method of claim 1097, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater tnan about 0.5 bar. 

25 / 

1 126. The method of claim 1 125, wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. 

1 127. The method of claim 1097, further comprising altering a pressure within the 
30 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 
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1 128. The method of claim 1097, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1 129. The method of claim 1097, further comprising: 

providing hydrogen (Fb) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

1 130. The method of claim 1097, wherein me produced mixture comprises hydrogen 
and condensable hydrocarbons, the method: further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1131. The method of claim 1097, wMerein allowing the heat to transfer comprises 
increasing a permeability of a majoraty of the selected section to greater than about 100 
millidarcy. / 

1 132. The method of claim 10P7, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1 133. The method of claim/1097, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

1 134. The method of claim 1097, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1 135. The method of claim 1097, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1 136. The method of claim 1097, further comprising providing heat from three or more 
heat sources to at least a portion of the formation wherein three or more of the heat 
sources are located in the formation in a unit oi/heat[ sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



10 



15 



& 20 



1 137. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a section of the formation to a pyrolysis temperature from at least a first 

heat source, a second heat source and ^third heat source, and wherein the first heat 
source, the second heat source and the/third heat source are located along a perimeter of 
the section; 

controlling heat input to the/first heat source, the second heat source and the third 
heat source to limit a heating rate^of the section to a rate configured to produce a mixture 
from the formation with an olefin content of less than about 15% by weight of 
condensable fluids (on a dry basis) within the produced mixture; and 

producing the mixture from the formation through a production well. 

1 138. The method of claim 1137, wherein superposition of heat form the first heat 
source, second heat source, and third heat source pyrolyzes a portion of the hydrocarbons 
within the formation to fl/uids 



25 1 139. The method of claim 1137, wherein the pyrolysis temperature is between about 
270 °C and about 400 fC. 



30 



1 140. The method off claim 1137, wherein the first heat source is operated for less than 
about twenty four hours a day. 
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1141. The method of claim 1137, wherein the first heat source comprises an electrical 
heater. 



1 142. The method of claim 1 137, wherein the first heat source comprises a surface 
5 burner. / 



1 143. The method of claim 1137, wherein the/ first heat source comprises a flameless 
distributed combustor. 

10 1 144. The method of claim 1137, whereinAhe first heat source, second heat source and 
third heat source are positioned substantially at apexes of an equilateral triangle. 



15 



1 145. The method of claim 1 137, wheyein the production well is located substantially at 
a geometrical center of the first heat source, second heat source, and third heat source. 

1 146. The method of claim 1137, ftirther comprising a fourth heat source, fifth heat 
source, and sixth heat source located along the perimeter of the section. 



20 



1 147. The method of claim 1 1^6, wherein the heat sources are located substantially at 
apexes of a regular hexagon. 



1 148. The method of claim / 147, wherein the production well is located substantially at 
a center of the hexagon. 

25 1 149. The method of claim 1 137, further comprising controlling a pressure and a 
temperature within at lea^i a majority of the section of the formation, wherein the 
pressure is controlled as /i function of temperature, or the temperature is controlled as a 
function of pressure. 
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1 1 50. The method of claim 1137, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. 

1151. The method of claim 1137, further comprising controlling the heat such that an 
average heating rate of the section is less than/about 3 °C per day during pyrolysis. 



10 



15 
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1 152. The method of claim 1137, further comprising controlling the heat such that an 
average heating rate of the section is less man about 1 °C per day during pyrolysis. 

1 153. The method of claim 1 137, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V)/of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at lpast some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energWday provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by/the equation: 
Pwr ^ h*V*C v *p B 

wherein Pwr is th Cheating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



25 



1 154. The method of/claim 1137, wherein heating the section of the formation 
comprises transferring heat substantially by conduction. 



30 



1155. The method of claim 1137, wherein providing heat from the one or more heat 
sources comprises heating the section such that a thermal conductivity of at least a 
portion of the section is greater than about 0.5 W/(m °C). 
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1 156. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 157. The method of claim 1 137, wherein the produced mixture comprises condensable 
5 hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 

condensable hydrocarbons are olefins. / 

1 158. The method of claim 1 137, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molay ratio of ethene to ethane in the non- 
10 condensable hydrocarbons is less than about 0. 1 5, and wherein the ratio of ethene to 

ethane is greater than about 0.001 . / 

1 159. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is nitrogen. 

1 160. The method of claim 1 13#, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

20 / 

1161. The method of claim/l 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

25 1 1 62. The method of c/aim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, wherein/about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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1 163. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

/ 

5 1 1 64. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics wim more than two rings. 

1 165. The method of claim 1137, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about OB % by weight of the condensable 

hydrocarbons are asphaltenes. / 

1 166. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

15 condensable hydrocarbons are cycloalKanes. 



1 167. The method of claim 1 137,Avherein the produced mixture comprises a non- 
condensable component, whereiiythe non-condensable component comprises hydrogen, 
wherein the hydrogen is greater Ahan about 10 % by volume of the non-condensable 

20 component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

1 168. The method of claim 1137, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

25 / 

1 169. The method of claim 1 137, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 170. The method of claim 1 137, further comprising controlling a pressure within at 
30 least a majority of the selected section of the formation, wherein the controlled pressure 

is at least about 2.(jbar absolute. 
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1171. The method of claim 1 137, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



1 172. The method of claim 1171, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 



1 173. The method of claim 1137, further comprising altering a pressure within the 
10 formation to inhibit production of hydrocarbqais from the formation having carbon 

numbers greater than about 25. 

1 174. The method of claim 1137, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



1 175. The method of claim 1137, rarther comprising: 
providing hydrogen (H2) to/the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the sfection with heat from hydrogenation. 

1 176. The method of claim 037, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



25 11 77. The method of claim 1137, heating the section comprises increasing a 
permeability of a majoriry of the section to greater than about 100 millidarcy. 

1 178. The method ofvclaim 1 137, wherein heating the section comprises substantially 
uniformly increasing £ permeability of a majority of the section. 

30 
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1 179. The method of claim 1 137, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

5 1 180. The method of claim 1 137, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

1181. The method of claim 1137, further comprising providing heat from three or more 
10 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a/unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1 182. The method of claim 1 137, further comprising providing heat from three or more 
15 heat sources to at least a portion oi the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular/pattern, and wherein a plurality of the units are repeated 
over an area of the formation/to form a repetitive pattern of units. 

20 1 1 83. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 
formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 
25 producing a mixture from the formation, wherein the produced mixture comprises 

condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis/ of the condensable hydrocarbons is nitrogen. 

1 184. The methfod of claim 1 183, wherein the one or more heat sources comprise at 
30 least two heat sources, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



1185. The method of claim 1 1 83, wherein the one or more heat sources comprise 
5 electrical heaters. / 

1 1 86. The method of claim 1183, wherein the onp or more heat sources comprise 
surface burners. 

10 1187. The method of claim 1 1 83, wherein the/one or more heat sources comprise 
flameless distributed combustors. 



15 
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1 188. The method of claim 1 183, whereirythe one or more heat sources comprise natural 
distributed combustors. 

1 1 89. The method of claim 1 1 83, farmer comprising controlling a pressure and a 
temperature within at least a majority Af the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1 190. The method of claim 1 1 wherein controlling the temperature comprises 
maintaining the temperature wi/hin the selected section within a pyrolysis temperature 
range. 



25 1191. The method of clairrf 1183, further comprising controlling the heat such that an 
average heating rate of the/selected section is less than about 1 °C per day during 
pyrolysis. 



30 



1 192. The method of claim 1 1 83, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the voljAme is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, h isyan average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1 193. The method of claim 1 1 83, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction/ 

1 194. The method of claim 1 1 83, wherem providing heat from the one or more heat 
sources comprises heating the selected fc/rmation such that a thermal conductivity of at 
least a portion of the selected section is/greater than about 0.5 W/(m °C). 

1 195. The method of claim 1 1 83, Wnerein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 196. The method of claim 1 1 88, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abont 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are/olefins. 

1 197. The method of claim 1 1 83, wherein the produced mixture comprises non- 
condensable hydrocarbons/ and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1 198. The method of claim 1 183, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
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condensable hydrocarbons is less than about 0.1 5, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 

1 199. The method of claim 1 183, wherein the produced mixture comprises condensable 
5 hydrocarbons, and wherein less than about 1 %' by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 

1200. The method of claim 1 183, wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein less than aboiu 1 % by weight, when calculated on an atomic 

10 basis, of the condensable hydrocarbons is sulfur. 

1 20 1 . The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

15 containing compounds comprise plAenols. 

1202. The method of claim 1 1 86, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

20 / 

1203. The method of claim/l 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and whereinAess than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

25 1 204. The method of c/aim 1183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are aspmaltenes. 

1205. The methocyof claim 1 183, wherein the produced mixture comprises condensable 
30 hydrocarbons, ancy wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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1206. The method of claim 1 1 83, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 

5 component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

1207. The method of claim 1 183, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weigh/ of the produced mixture is ammonia. 

10 / 

1208. The method of claim 1 1 83, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 209. The method of claim 1 1 83, further comprising controlling a pressure within at 
15 least a majority of the selected section df the formation, wherein the controlled pressure 

is at least about 2.0 bar absolute. / 

1210. The method of claim 1 1 83 /further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 

20 within the mixture is greater than about 0.5 bar. 

1211. The method of claim i 2 1 1 , wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. 

25 1212. The method of clafim 1183, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1213. The method jf claim 1183, wherein controlling formation conditions comprises 
30 recirculating a portion of hydrogen from the mixture into the formation. 



446 



Conley, Rose & Tayon, P.C. 



1214. The method of claim 1183, further comprising; 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 
5 / 

1215. The method of claim 1 183, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

10 1216. The method of claim 1 183, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

1217. The method of claim 1 1 83, wherein allowing the heat to transfer comprises 

15 substantially uniformly increasing^, permeability of a majority of the selected section. 

1218. The method of claim 1 Jr 83, further comprising controlling the heat to yield greater 
than about 60 % by weight oi condensable hydrocarbons, as measured by the Fischer 
Assay. / 

20 / 

1219. The method of cpim 1 1 83, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for eachr production well. 

25 1220. The method of claim 1 1 83, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

30 122 1 . The method of claim 1183, further comprising providing heat from three or more 
heat sources to/at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

5 1222. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 
formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and / 
10 producing a mixture from the formation, wherein the produced mixture comprises 

condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is oxygen. 

1223. The method of claim 1222, wherein/the one or more heat sources comprise at 
15 least two heat sources, and wherein superposition of heat from at least the two heat 

sources pyrolyzes at least some hydrocayoons within the selected section of the 
formation. / 

1224. The method of claim 1222, wherein the one or more heat sources comprise 
20 electrical heaters. / 

1225. The method of claim 1222, wherein the one or more heat sources comprise 
surface burners. / 

25 1226. The method of claim 1222, wherein the one or more heat sources comprise 
flameless distributed comoustors. 

1227. The method of claim 1222, wherein the one or more heat sources comprise natural 
distributed combustors/ 
30 / 
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1 228. The method of claim 1222, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

/ 

1229. The method of claim 1228, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. / 

10 1230. The method of claim 1222, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1231. The method of claim 1222, wherein providing heat from the one or more heat 
15 sources to at least the portion of formation comprises: 

heating a selected volume (V)/of the hydrocarbon containing formation from the 
one or more heat sources, wherein tile formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at ldast some hydrocarbons within the selected volume of 
the formation; and / 
20 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by ttte equation: 

Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
25 °C/day. / 

1232. The method of claim 1222, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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1233. The method of claim 1222, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1234. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1235. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by vpight to about 15 % by weight of the 

10 condensable hydrocarbons are olefins. 

1236. The method of claim 1222, where/n the produced mixture comprises non- 
condensable hydrocarbons, and whereinabout 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



15 



p 20 



1237. The method of claim 1222, wherein the.produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less/man about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.0( 

1238. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hyarocarbons is nitrogen. 



25 1239. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1240. The method of claim 1222, wherein the produced mixture comprises condensable 
30 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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1241 . The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 



1242. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20f% by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1243. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about p % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1244. The method of claim 1222, wh/rein the produced mixture comprises condensable 
hydrocarbons, and wherein less than>about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1245. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abofut 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1246. The method of claim 1222, wherein the produced mixture comprises a non- 
condensable component, Wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein/the hydrogen is less than about 80 % by volume of the non- 
condensable component 

1 247. The method of claim 1 222, wherein the produced mixture comprises ammonia, 
and wherein greater man about 0.05 % by weight of the produced mixture is ammonia. 
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1248. The method of claim 1222, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1249. The method of claim 1222, further comprising controlling a pressure within at 

5 least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1250. The method of claim 1222, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons/and H2, wherein a partial pressure of H2 

10 within the mixture is greater than about 0.5 ba/ 

1251. The method of claim 1250, wherein me partial pressure of H2 is measured when 
the mixture is at a production well. / 

15 1252. The method of claim 1222, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1253. The method of claim 1222, wherein controlling formation conditions comprises 
20 recirculating a portion of hydrogen from the mixture into the formation. 

1254. The method of claim J 222, further comprising: 

providing hydrogen CH2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 
25 heating a portion of the section with heat from hydrogenation. 

1255. The method of claim 1222, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

30 / 
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1256. The method of claim 1222, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

5 1257. The method of claim 1222, wherein allowing the heat to transfer comprises 

substantially uniformly increasing a permeability pf a majority of the selected section. 

1258. The method of claim 1222, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hvclrocarbons, as measured by the Fischer 

10 Assay. / 

1259. The method of claim 1222, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well/ 

15 / 

1260. The method of claim 1222, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

20 / 

1261. The method of claim ¥222, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

25 over an area of the formal/ion to form a repetitive pattern of units. 

1262. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat thorn one or more heat sources to at least a portion of the 

formation; / 

30 allowing the neat to transfer from the one or more heat sources to a selected 

section of the formation; and 
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producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 

5 1263. The method of claim 1262, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

10 1264. The method of claim 1262, wherein the one or more heat sources comprise 
electrical heaters. / 

1265. The method of claim 1262, wherein the one or more heat sources comprise 
surface burners. / 

15 / 

1266. The method of claim 1262/ wherein the one or more heat sources comprise 
flameless distributed combustora 

1267. The method of claim 1262, wherein the one or more heat sources comprise natural 
20 distributed combustors. / 

1268. The method of claim 1262, further comprising controlling a pressure and a 
temperature within at least/a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

25 a function of pressure. / 

1269. The method of claim 1268, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. / 
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1270. The method of claim 1262, further comprising controlling the heat into such that 
an average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

5 1271. The method of claim 1 262, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formafton has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least somevhydrocarbons within the selected volume of 
10 the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr - h*V*C v *p B / 

wherein Pwr is the heating enprgy/day, h is an average heating rate of the 
15 formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1272. The method of claim 1262, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

20 / 

1273. The method of claim 1262, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

25 1274. The method of/claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1275. The methocyof claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and/wherein about 0.1 % by weight to about 15 % by weight of the 
30 condensable hydrocarbons are olefins. 
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1276. The method of claim 1262, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

5 1277. The method of claim 1262, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a mc/lar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . / 

10 1278. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thaii about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1279. The method of claim 1262, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 

1280. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

20 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds domprise phenols. 

1281 . The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

25 hydrocarbons are ardmatic compounds. 

1282. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

30 



456 



Conley, Rose & Tayon, P C. 



1283. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

5 1284. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1285. The method of claim 1262, wherein the produced mixture comprises a non- 
10 condensable component, wherein the nonAcondensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen /s less than about 80 % by volume of the non- 
condensable component. 

15 1286. The method of claim 1262/wherein the produced mixture comprises ammonia, 
and wherein greater than about 0/05 % by weight of the produced mixture is ammonia. 

1287. The method of claim L262, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is jused to produce fertilizer. 

20 

1288. The method of claiita 1262, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

25 1289. The method of/claim 1262, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



30 



1290. The method of claim 1289, wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. 
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1 29 1 . The method of claim 1262, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



5 1292. The method of claim 1262, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



1293. The method of claim 1262, further comprising: 
providing hydrogen (H2) to the headed section to hydrogenate hydrocarbons 

10 within the section; and 

heating a portion of the section with heat from hydrogenation. 

1294. The method of claim 1262, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 

15 the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1295. The method of claim 126z, wherein allowing the heat to transfer comprises 
increasing a permeability of a n^ajority of the selected section to greater than about 100 
millidarcy. 

20 

1296. The method of claim 1262, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1297. The method of claim 1262, further comprising controlling the heat to yield greater 
25 than about 60 % by weigl^i of condensable hydrocarbons, as measured by the Fischer 

Assay. 

1298. The method of claim 1262, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 

30 the formation for each production well. 
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1299. The method of claim 1262, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1300. The method of claim 1262, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1301. A method of treating a hydrocarbon containing formation in situ, comprising: 
raising a temperature of a first section of the formation with one or more heat 

sources to a first pyrolysis temperature; 

heating the first section to an upper pyrolysis temperature, wherein heat is 
supplied to the first section at a rate configured to inhibit olefin production; 

producing a first mixture from the formation, wherein the first mixture comprises 
condensable hydrocarbons and/H 2 ; 

creating a second mixture from the first mixture, wherein the second mixture 
comprises a higher concentration of H2 than the first mixture; 

raising a temperature of a second section of the formation with one or more heat 
sources to a second pyrolys/s temperature; 

providing a portion/of the second mixture to the second section; 

heating the seconcy section to an upper pyrolysis temperature, wherein heat is 
supplied to the second section at a rate configured to inhibit olefin production; and 

producing a thira mixture from the second section. 

1302. The method of/claim 1301, wherein creating the second mixture comprises 
removing condensable hydrocarbons from the first mixture. 
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1303. The method of claim 1301, wherein creating the second mixture comprises 
removing water from the first mixture. 

1 304. The method of claim 1301, wherein creating/the second mixture comprises 
5 removing carbon dioxide from the first mixture. / 

1305. The method of claim 1301, wherein the first pyrolysis temperature is greater than 
about 270 °C. / 

10 1306. The method of claim 1301, wherein tine second pyrolysis temperature is greater 
than about 270 °C. / 

1307. The method of claim 1301, wherein the upper pyrolysis temperature is about 500 
°C. / 

15 / 

1308. The method of claim 1301, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the first or second selected section 
of the formation. / 

20 / 

1309. The method of claim 1301, wherein the one or more heat sources comprise 
electrical heaters. / 

1310. The method of claim 1301, wherein the one or more heat sources comprise 
25 surface burners. / 

1311. The method of claim 1301, wherein the one or more heat sources comprise 
flameless distributed eombustors. 

30 1312. The method/of claim 1301, wherein the one or more heat sources comprise natural 
distributed combusrcors. 
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1313. The method of claim 1301, further comprising controlling a pressure and a 
temperature within at least a majority of the first section and the second section of the 
formation, wherein the pressure is controlled as a function of temperature, or the 
temperature is controlled as a function of pressure. 



10 



15 



20 



1314. The method of claim 1301, further comprising controlling the heat to the first and 
second sections such that an average heatinjg rate of the first and second sections is less 
than about 1 °C per day during pyrolysis. 

1315. The method of claim 1301, wherein heating the first and the second sections 
comprises: 

heating a selected volume (F/of the hydrocarbon containing formation from the 
one or more heat sources, wherein tne formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at Ipst some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by tl/e equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bplk density, and wherein the heating rate is less than about 10 
°C/day. 



25 



1316. The method of claim 1301, wherein heating the first and second sections 
comprises transferring neat substantially by conduction. 



30 



1317. The method of claim 1301, wherein heating the first and second sections 
comprises heating me first and second sections such that a thermal conductivity of at least 
a portion of the first and second sections is greater than about 0.5 W/(m °C). 
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1318. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 

1319. The method of claim 1301, wherein the first or third mixture comprises 

5 condensable hydrocarbons, and wherein about 0. 1 jVo by weight to about 1 5 % by weight 
of the condensable hydrocarbons are olefins. / 

1320. The method of claim 1301, wherein the^first or third mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
10 condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1321. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein/less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable/hydrocarbons is nitrogen. 

15 / 

1 322. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wMerein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is oxygen. 

20 1 323 . The method of claim 1301, wherein the first or third mixture comprises 

condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 

1 324. The method of claim 1301, wherein the first or third mixture comprises 

25 condensable hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 

1325. The method/of claim 1301, wherein the first or third mixture comprises 
30 condensable hydrocarbons, and wherein greater than about 20 % by weight of the 

condensable hydrocarbons are aromatic compounds. 
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1 326. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

/ 

1327. The method of claim 1301, wherein the ftfst or third mixture comprises 
condensable hydrocarbons, and wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. / 

10 1328. The method of claim 1301, wherein me first or third mixture comprises 

condensable hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons are cycloalxanes. 

1329. The method of claim 1301, wherein the first or third mixture comprises a non- 
15 condensable component, and wherein the non-condensable component comprises 

hydrogen, and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable component and whe/ein the hydrogen is less than about 80 % by volume of 
the non-condensable component/ 

20 1330. The method of claim 1/301, wherein the first or third mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1331. The method of claim 1301, wherein the first or third mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

25 / 

1332. The method of/fclaim 1301, further comprising controlling a pressure within at 
least a majority of the first or second sections of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 
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1333. The method of claim 1301, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. / 

5 1 334. The method of claim 1333, wherein the^partial pressure of H 2 within a mixture is 
measured when the mixture is at a production well. 

1335. The method of claim 1301, further comprising altering a pressure within the 
formation to inhibit production of hydrocaybons from the formation having carbon 

10 numbers greater than about 25. / 

1336. The method of claim 1301, further comprising: 

providing hydrogen (H2) to the first or second section to hydrogenate 
hydrocarbons within the first or second section; and 
15 heating a portion of the firsyor second section with heat from hydrogenation. 

1337. The method of claim 130A, further comprising: 

producing hydrogen ancy condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
20 portion of the produced hydrogen. 

1338. The method of claim 1301, further comprising increasing a permeability of a 
majority of the first or second section to greater than about 100 millidarcy. 

25 1339. The method of claim 1301, further comprising substantially uniformly increasing 
a permeability of a majority of the first or second section. 

1340. The method 
about 60 % by weig] 

30 



'claim 1301, wherein the heating is controlled to yield greater than 
jit of condensable hydrocarbons, as measured by the Fischer Assay. 
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1341 . The method of claim 1301, wherein producing the first or third mixture comprises 
producing the first or third mixture in a production well, and wherein at least about 7 heat 
sources are disposed in the formation for each production well. 



5 1342. The method of claim 1301, further comprising providing heat from three or more 
heat sources to at least a portion of the formation^ wherein three or more of the heat 
sources are located in the formation in a unit oyheat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

10 1343. The method of claim 1301, further Comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a/unit of heat sources, wherein the unit of heat 
sources comprises a triangular patternVand wherein a plurality of the units are repeated 
over an area of the formation to form/a repetitive pattern of units. 

15 

1344. A method of treating a hyd/ocarbon containing formation in situ, comprising: 

providing heat from one of more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
20 section of the formation; 

producing a mixture fr6m the formation; and 

hydrogenating a portipn of the produced mixture with H2 produced from the 
formation. 

25 1345. The method of clai/n 1344, wherein the one or more heat sources comprise at 
least two heat sources, an/i wherein superposition of heat from at least the two heat 
sources pyrolyzes at lea^t some hydrocarbons within the selected section of the 
formation. 



30 1346. The method of claim 1344, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 
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1347. The method of claim 1344, wherein the one or more heat sources comprise 
electrical heaters. 

1348. The method of claim 1344, wherein the on^ or more heat sources comprise 
surface burners. 

1349. The method of claim 1344, wherein throne or more heat sources comprise 
flameless distributed combustors. 

1350. The method of claim 1344, whereii/ the one or more heat sources comprise natural 
distributed combustors. 



1351. The method of claim 1344, further comprising controlling a pressure and a 
15 temperature within at least a majoritVof the selected section of the formation, wherein 

the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1352. The method of claim 1344, further comprising controlling the heat such that an 
20 average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 



1353. The method of claim 1344, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
25 heating a selectecy volume (V) of the hydrocarbon containing formation from the 

one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyjrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heatihg energy/day provided to the volume is equal to or less than Pwr, 
30 wherein Pwr is calculated by the equation: 
Pwr = h*vjc v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

/ 
/ 

5 1354. The method of claim 1344, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

1355. The method of claim 1344, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 

10 a portion of the selected section is greater than about 0.5 W/(m °C). 

1356. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

15 1357. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about OA % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1358. The method of claim 1344, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, ancy wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1359. The method of claimf 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

25 basis, of the condensable hydrocarbons is nitrogen. 

1360. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

30 / 
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i36I . The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

5 1 362. The method of claim 1 344, wherein the /produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight tor about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing c<jmpounds, and wherein the oxygen 
containing compounds comprise phenols. 

10 1363. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than ^tbout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds J 

1364. The method of claim 1344, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 5 % by weight of the condensable 

hydrocarbons comprises multi-ring aromatics with more than two rings. 

1365. The method of claim 134M, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes. 

1366. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons ^re cycloalkanes. 

25 

1367. The method of claim 1344, wherein the produced mixture comprises a non- 
condensable component/ wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
30 condensable component. 
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1368. The method of claim 1344, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1369. The method of claim 1344, wherein the produced mixture comprises ammonia, 
5 and wherein the ammonia is used to produce fertilizer. 

1 370. The method of claim 1 344, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

10 / 

1371. The method of claim 1344, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. / 

15 1 372. The method of claim 1 344, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1373. The method of claim 1344, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

20 numbers greater than about 25 . / 

1374. The method of claim 1344, further comprising: 

providing hydrogen (Hi) to the heated section to hydrogenate hydrocarbons 
within the section; and / 
25 heating a portion of the section with heat from hydrogenation. 

1375. The method of clahh 1344, wherein allowing the heat to transfer comprises 
increasing a permeability pf a majority of the selected section to greater than about 100 
millidarcy. / 

30 / 
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1376. The method of claim 1344. wherein allowing ^he heat to transfer comprises 
substantially uniformly increasing a permeability of/ a majority of the selected section. 

1377. The method of claim 1344, further composing controlling the heat to yield greater 
5 than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 

Assay. / 

1378. The method of claim 1344, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 

10 the formation for each production well. / 

1379. The method of claim 1344, furtMer comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation In a unit of heat sources, and wherein the unit of heat 

15 sources comprises a triangular pattern. 

1380. The method of claim 1344, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

20 sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1381. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a first section of the formation; 

25 producing H2 from the first section of formation; 

heating a second section of the formation; and 

recirculating/a portion of the H2 from the first section into the second section of 
the formation to provide a reducing environment within the second section of the 
formation. / 
30 / 
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1382. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with an electrical heater. 



1383. The method of claim 1381, wherein heating the first section or heating the second 



section comprises heating with a surface burner. 



/ 



1384. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with a flameless distributed combustor. 

10 1385. The method of claim 1381, whereiiyheating the first section or heating the second 
section comprises heating with a natural distributed combustor. 



15 



1386. The method of claim 1381, furthfer comprising controlling a pressure and a 
temperature within at least a majority 6f the first or second section of the formation, 
wherein the pressure is controlled as/a function of temperature, or the temperature is 
controlled as a function of pressure 



20 



1387. The method of claim 1381, further comprising controlling the heat such that an 
average heating rate of the firsy or second section is less than about 1 °C per day during 
pyrolysis. 



1388. The method of clain/ 1381, wherein heating the first section or heating the second 
section further comprises: 

heating a selected A^olume (F) of the hydrocarbon containing formation from the 
25 one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrplyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heatirfg energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
30 Pwr = h*V*f v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

5 1 389. The method of claim 1381, wherein heating the first section or heating the second 
section comprises transferring heat substantially /by conduction. 

1 390. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating the formation suchf that a thermal conductivity of at least a 

10 portion of the first or second section is greater than about 0.5 W/(m °C). 

1391. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons 
having an API gravity of at least about: 25°. 

15 / 

1 392. The method of claim 1381 , /further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. / 

20 / 

1 393. The method of claim V38 1 , further comprising producing a mixture from the 
second section, wherein the produced mixture comprises non-condensable hydrocarbons, 
and wherein a molar ratio ok ethene to ethane in the non-condensable hydrocarbons 
ranges from about 0.001 to about 0.15. 

25 / 

1394. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

30 / 
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1395. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. / 

5 / 

1 396. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, wl/en calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. / 

10 / 

1 397. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
comprise oxygen containing compounds, and wherein the oxygen containing compounds 

15 comprise phenols. / 

1398. The method of claim/ 138 1, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 

20 compounds. / 

1399. The method of claim 1381, further comprising producing a mixture from the 
second section, wheyein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 

25 ring aromatics with more than two rings. 

1 400. The method of claim 1381, further comprising producing a mixture from the 
second section wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less pan about 0.3 % by weight of the condensable hydrocarbons are 

30 asphaltenes./ 
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1401 . The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. / 

5 / 

1 402 . The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 

10 hydrogen is less than about 80 % by volump of the non-condensable component. 

1 403 . The method of claim 1381, furthefr comprising producing a mixture from the 
second section, wherein the produced mixture comprises ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

15 / 

1404. The method of claim 138l/ further comprising producing a mixture from the 
second section, wherein the produced mixture comprises ammonia, and wherein the 
ammonia is used to produce fej/tilizer. 

20 1405. The method of claim/ 1381, further comprising controlling a pressure within at 
least a majority of the first or second section of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 

1406. The method of claim 1381, further comprising controlling formation conditions to 
25 produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 

within the mixture is greater than about 0.5 bar. 

1407. The method/of claim 1406, wherein the partial pressure of H 2 within a mixture is 
measured when the mixture is at a production well. 

30 / 
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1408. The method of claim 1381, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. , 

/ 

1 409. The method of claim 1381, further comprising: 

providing hydrogen (H2) to the second section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the second section /with heat from hydrogenation. 

1410. The method of claim 1381, further obmprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

1411. The method of claim 1381, wherein heating the first section or heating the second 
section comprises increasing a permeability of a majority of the first or second section, 
respectively, to greater than aboift 100 millidarcy. 

1412. The method of claim V3 8 1 , wherein heating the first section or heating the second 
section comprises substantially uniformly increasing a permeability of a majority of the 
first or second section, respectively. 

1413. The method of claim 1381, further comprises controlling the heating of the first 
section or controlling tlae heat of the second section to yield greater than about 60 % by 
weight of condensable hydrocarbons, as measured by the Fischer Assay. 

1414. The method of claim 1381, further comprising producing a mixture from the 
formation in a production well, and wherein at least about 7 heat sources are disposed in 
the formation foneach production well. 
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1415. The method of claim 1381, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 



10 



1416. The method of claim 1381, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and whereiry a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1417. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heatySources to at least a portion of the 
formation; 

15 allowing the heat to transfer from Jihe one or more heat sources to a selected 

section of the formation; 

producing a mixture from the formation; and 

controlling formation conditions such that the mixture produced from the 
formation comprises condensable hydrocarbons including H2, wherein the partial 
20 pressure of H2 within the mixture is greater than about 0.5 bar. 



25 



1418. The method of claim 141//, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least sorqe hydrocarbons within the selected section of the 
formation. 



30 



1419. The method of claim 1417, wherein controlling formation conditions comprises 
maintaining a temperaturp within the selected section within a pyrolysis temperature 
range. 
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1420. I he method of claim 1417. wherein the one or more heat sources comprise 
electrical heaters. t 

1421 . The method of claim 1417, wherein the one or more heat sources comprise 
5 surface burners. / 

1422. The method of claim 1417, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

10 1423. The method of claim 1417, wherein me one or more heat sources comprise natural 
distributed combustors. / 

i 

1424. The method of claim 1417, further comprising controlling a pressure and a 

yy / 

ffi temperature within at least a majority eff the selected section of the formation, wherein 

72 15 the pressure is controlled as a functio/n of temperature, or the temperature is controlled as 
4^ a function of pressure. / 

L 1425. The method of claim 14w 5 further comprising controlling the heat such that an 

=p average heating rate of the selected section is less than about 1 °C per day during 

p 20 pyrolysis. / 

1426. The method of claim 1417, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected/ volume (V) of the hydrocarbon containing formation from the 
25 one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr 9 
wherein Pwr is calculated by the equation: 
30 Pwr = h*V*C v *p B 
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wherein Pwr is the beating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein' the heating rate is less than about 10 
°C/day. / 

5 1427. The method of claim 1417, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

1428. The method of claim 1417, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 

10 a portion of the selected section is greater/than about 0.5 W/(m °C). 

1429. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity df at least about 25°. 

15 1430. The method of claim 1417/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abou/o.l % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

143 1 . The method of claim A 4 17, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, And wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbon^ranges from about 0.001 to about 0.15. 

1432. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

25 basis, of the condensaole hydrocarbons is nitrogen. 

1433. The method/of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, ancy wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

30 / 
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1434. The method of claim 141 7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

5 1435. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

10 1 43 6. The method of claim 1417, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein greater than abc/ut 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1437. The method of claim 1417, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than About 5 % by weight of the condensable 

hydrocarbons comprises multi-ringyaromatics with more than two rings. 

1438. The method of claim 141/7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes/ 

1439. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

25 / 

1440. The method of claim 1417, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
30 condensable component. 
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1441 . The method of claim 1417, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1442. The method of claim 141 7, wherein the produced mixture comprises ammonia, 
5 and wherein the ammonia is used to produce fiertilizer. 

comprising controlling a pressure within at 
ie formation, wherein the controlled pressure 

10 / 

1444. The method of claim 1417, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1 5 1445. The method of claim 141 7, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1446. The method of clai/n 1417, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
20 within the section; and / 

heating a portion of the section with heat from hydrogenation. 

1 447. The method of claim 1417, further comprising: 

producing Wydrogen and condensable hydrocarbons from the formation; and 
25 hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1448. The method of claim 1417, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 

30 millidarcy. / 



1 443 . The method of claim 1417, further 
least a majority of the selected section of i 
is at least about 2.0 bar absolute. / 
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1449. The method of claim 1417, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1450. The method of claim 1417, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



10 



1451. The method of claim 1417, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



15 



1452. The method of claim 1417, fiq/ther comprising providing heat from three or more 
heat sources to at least a portion of tl4e formation, wherein three or more of the heat 
sources are located in the formatioi/in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



p 20 



1453. The method of claim 14m, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



25 



30 



1454. The method of claim 1417, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1455. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heqt from one or more heat sources to at least a portion of the 

formation; 

allowing thk heat to transfer from the one or more heat sources to a selected 
section of the formation; 
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maintaining a pressure of the selected section above atmospheric pressure to 
increase a partial pressure of H2, as compared to the partial pressure of H2 at atmospheric 
pressure, in at least a majority of the selected section; and 

producing a mixture from the formation, wherein the produced mixture comprises 
5 condensable hydrocarbons having an API gravity of At least about 25°. 

1456. The method of claim 1455, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 

10 formation. / 

1457. The method of claim 1455, further Comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

15 1458. The method of claim 1455, wherein the one or more heat sources comprise 
electrical heaters. / 

1459. The method of claim 1455, wherein the one or more heat sources comprise 
surface burners. / 

20 / 

1460. The method of claim 1455, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1461 . The method of clainy 1455, wherein the one or more heat sources comprise natural 
25 distributed combustors. / 

1462. The method of claim 1455, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

30 a function of pressure. 
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1463. The method of claim 1455, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

5 1464. The method of claim 1455, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the' hydrocarbon containing formation from the 
one or more heat sources, wherein the fomiation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
10 the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr — h*V*C v *p B / 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
15 formation, p B is formation bum density, and wherein the heating rate is less than about 10 
°C/day. / 

1465. The method of claiA 1455, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

20 / 

1466. The method of claim 1455, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

25 1467. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1468. The method of claim 1455, wherein the produced mixture comprises non- 
30 condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable/hydrocarbons ranges from about 0.001 to about 0.15. 
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1469. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen/ 

5 / 

1 470. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

10 1471. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons/is sulfur. 

1472. The method of claim 1455, wherein the produced mixture comprises condensable 
15 hydrocarbons, wherein about 5 % py weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1473. The method of claim ¥455, wherein the produced mixture comprises condensable 
20 hydrocarbons, and wherein mreater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

1474. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

25 hydrocarbons comprises multi-ring aromatics with more than two rings. 

1475. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and Wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

30 / 
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1476. The method of claim 1455. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to' about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

5 1477. The method of claim 1 45 5 , wherein the' produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 
10 / 

1478. The method of claim 1455, whferein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 r/o by weight of the produced mixture is ammonia. 

1479. The method of claim 1455, wherein the produced mixture comprises ammonia, 
15 and wherein the ammonia is usea to produce fertilizer. 

1480. The method of claim 1455, further comprising controlling the pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

20 / 

1481. The method of claim 1455, further comprising increasing the pressure of the 
selected section, to an upper limit of about 21 bar absolute, to increase an amount of non- 
condensable hydrocarbons produced from the formation. 

25 1482. The method of claim 1455, further comprising decreasing pressure of the selected 
section, to a lower limit of about atmospheric pressure, to increase an amount of 
condensable hydrocarbons produced from the formation. 

1483. The method of claim 1455, wherein the partial pressure comprises a partial 
30 pressure based on properties measured at a production well. 
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1484. The method of claim 1455, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from/ the formation having carbon 
numbers greater than about 25. / 



1485. The method of claim 1455, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1486. The method of claim 1455, further comprising: 



within the section; and / 

heating a portion of the section with heat from hydrogenation. 

1487. The method of claim 1455, Anther comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion/of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1488. The method of claim 1455, wherein allowing the heat to transfer comprises 
increasing a permeabilityyof a majority of the selected section to greater than about 100 
millidarcy. / 

1489. The method or claim 1455, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1490. The methoa of claim 1455, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

1491. The method of claim 1455, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation/for each production well. 




providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
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1492. The method of claim 1455, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein thre'e or more of the heat 
sources are located in the formation in a unit of heat source^ /and wherein the unit of heat 

5 sources comprises a triangular pattern. / / 

1493. The method of claim 1455, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, whjerein three or more of the heat 
sources are located in the formation in a unit of heaysources, wherein the unit of heat 

10 sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive/pattern of units. 

1494. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

15 formation; / 

allowing the heat to transfer from/the one or more heat sources to a selected 
section of the formation; / 

providing H2 to the formation to produce a reducing environment in at least some 
of the formation; / 
20 producing a mixture from the formation. 

1495. The method of claim 1494, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 

25 formation. / 

1496. The method of claim 1494, further comprising maintaining a temperature within 
the selected section within /a pyrolysis temperature range. 

30 1497. The method of claim 1494, further comprising separating a portion of hydrogen 
within the mixture and ^circulating the portion into the formation. 
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1498. The method of claim 1494, wherein the one or more heat sources comprise 
electrical heaters. / 

5 1499. The method of claim 1494, wherein the one/or more heat sources comprise 
surface burners. / 

1500. The method of claim 1494, wherein th/one or more heat sources comprise 
flameless distributed combustors. / 

10 / 

1501 . The method of claim 1494, wherein the one or more heat sources comprise natural 
distributed combustors. / 

ffl 1 502. The method of claim 1494, further comprising controlling a pressure and a 

J 15 temperature within at least a majority of the selected section of the formation, wherein 
=C the pressure is controlled as a function of temperature, or the temperature is controlled as 

fy a function of pressure. / 

Hp 1 503 . The method of claim L 494, further comprising controlling the heat such that an 

j= 20 average heating rate of the selected section is less than about 1 °C per day during 
"rj pyrolysis. / 

1504. The method of c/aim 1494, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
25 heating a selected volume (V) of the hydrocarbon containing formation from the 

one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heatin^pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and/ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
30 wherein Pwr is calculated by the equation: 
Pwr = hrV*C v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

5 1 505. The method of claim 1 494, wherein allowing tWe heat to transfer comprises 
transferring heat substantially by conduction. / 

1 506. The method of claim 1494, wherein providing heat from the one or more heat 
sources comprises heating the selected section Such that a thermal conductivity of at least 

10 a portion of the selected section is greater thaM about 0.5 W/(m °C). 

1507. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

15 1 508. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.V % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1 509. The method of claim 1494, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, ancy wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1510. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

25 basis, of the condensable nydrocarbons is nitrogen. 

1511. The method of dlaim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

30 / 
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1512. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

5 1513. The method of claim 1 494, wherein the produced^ mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 3y0 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

10 1514. The method of claim 1 494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1515. The method of claim 1494, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 5 % by weight of the condensable 

hydrocarbons comprises multi-ring aromatics with more than two rings. 

1516. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes. / 

1517. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

25 / 

1518. The method of claim 1494, wherein the produced mixture comprises a non- 
condensable component/wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
30 condensable component. 
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1519. The method of claim 1494. wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of/the produced mixture is ammonia. 



10 



1520. The method of claim 1494, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1521 . The method of claim 1494, further comprising controlling a pressure within at 
least a majority of the selected section of fhc formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1522. The method of claim 1494, further comprising controlling formation conditions to 
produce the mixture, wherein a parjaal pressure of H2 within the mixture is greater than 
about 0.5 bar. 



15 1523. The method of claim 1494, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



20 



1524. The method of claim 1494, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



25 



1525. The method of/claim 1494, wherein providing hydrogen (H2) to the formation 

further comprises: 

hydrogenatinfg hydrocarbons within the section; and 
heating a portion of the section with heat from hydrogenation. 



30 



1526. The method of claim 1494, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 
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2thod of claim 1494, wherein allowing the heat to transfer comprises 

/ i 

increasing a permeability of a majority of the se/ected section to greater than about 100 
millidarcy. 



1528. The method of claim 1494, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



10 



1529. The method of claim 1494, iurther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



15 



20 



25 



1530. The method of claim 1494, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1531. The method ot claim 1 494, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are locatecyin the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 532. The mepod of claim 1494, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



30 



1533. A /method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formatk 

allowing the heat to transfer from the one or more heat sources to a selected 
section [of the formation; 



492 



Conley, Rose & Tayon, P.C. 



providing H2 to the selected section to hydrogenate hydrocarbons within the 
selected section and to heat a portion o^the section with heat from the hydrogenation; 
and 

controlling heating of the sheeted section by controlling amounts of H2 provided 
to the selected section. 



10 



1534. The method of claim 1533, wherein the one or more heat sources comprise at 
least two heat sources, and wnerein superposition of heat from at least the two heat 
sources pyrolyzes at least s/me hydrocarbons within the selected section of the 
formation. 



1535. The method oyclaim 1533, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

15 1536. The methop of claim 1533, wherein the one or more heat sources comprise 
electrical heaters./ 



20 



1537. The method of claim 1533, wherein the one or more heat sources comprise 
surface burners. 

1538. The method of claim 1533, wherein the one or more heat sources comprise 
flameless distributed combustors. 



25 



1539. The method of claim 1533, wherein the one or more heat sources comprise natural 
distributed combustors. 



1540. /The method of claim 1533, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
30 a funition of pressure. 
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1541. The method of claim 1533, further comprising controlling the heat such that an 
average heating rate of the sejfected section is less than about 1 °C per day during 
pyrolysis. 

5 1 542. The method of claim 1533, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sourfces, wherein the formation has an average heat capacity (C v ), and 
wherein the heating jjyrolyzes at least some hydrocarbons within the selected volume of 
10 the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*v*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
15 formation, p B information bulk density, and wherein the heating rate is less than about 10 
°C/day. 



20 



1 543. The inethod of claim 1 533, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1544. Tjhe method of claim 1533, wherein providing heat from the one or more heat 
sources/comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



25 1 545 . The method of claim 1 533, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises condensable hydrocarbons having an 
PI gravity of at least about 25°. 



30 



546. The method of claim 1533, further comprising producing a mixture from the 
brmation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein about 0.1 % by weight to about 15/% by weight of the condensable hydrocarbons 
are olefins. 

1547. The method of claim 1533, furaier comprising producing a mixture from the 
formation, wherein the produced mixrure comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to etjnane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 



1 548. The method of claim 1 533, further comprising producing a mixture from the 
10 formation, wherein the producer mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

1549. The method of claini 1533, further comprising producing a mixture from the 
15 formation, wherein the proouced mixture comprises condensable hydrocarbons, and 

wherein less than about l/% by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

1550. The method onclaim 1 533, further comprising producing a mixture from the 
20 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

1551. The method of claim 1533, further comprising producing a mixture from the 

25 formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 



30 1552. The/method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the/condensable hydrocarbons are aromatic 
compounds. 



1553. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight otfthe condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings( 

1554. The method of claim 1533, fufrher comprising producing a mixture from the 
10 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 0.3 % by ^veight of the condensable hydrocarbons are 
asphaltenes. 

1555. The method of claim 1d33, further comprising producing a mixture from the 
15 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

1 556. The method of maim 1 533, further comprising producing a mixture from the 
20 formation, wherein the produced mixture comprises a non-condensable component, 

wherein the non-conaensable component comprises hydrogen, wherein the hydrogen is 
greater than about LO % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

25 1557. The method of claim 1533, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 %/by weight of the produced mixture is ammonia. 



1558. The/method of claim 1533, further comprising producing a mixture from the 
30 formation,/wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 



496 



Conley, Rose & Tayon, P.C. 



/ 

comprising controlling a pressure within at 
le formation, wherein the controlled pressure 

5 / 

1560. The method of claim 1533, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. / 

10 1561. The method of claim 1 560/ wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1 562. The method of claim 1533, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

15 numbers greater than about 25. 

1563. The method of claim 1533, further comprising controlling formation conditions 
by recirculating a portion/ of hydrogen from a produced mixture into the formation. 

20 1 564. The method of claim 1 533, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

25 1 565. The method of claim 1 533, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

1566. The method of claim 1533, wherein allowing the heat to transfer comprises 
30 substantially uniformly increasing a permeability of a majority of the selected section. 



1 559. The method of claim 1533, further 
least a majority of the selected section of t 
is at least about 2.0 bar absolute. / 
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1567. The method of claim 1533, wherein the heating is controlled of claim 1533, 
further comprising producing a mixture in a production well, and wherein at least about 7 
heat sources are disposed in the formation for esich production well. 

5 1568. The method of claim 1533, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

10 1 569. The method of claim 1 533, furtfter comprising providing heat from three or more 

heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 

sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

over an area of the formation to form a repetitive pattern of units. 

15 / 

1 570. An in situ method for producing H 2 from a hydrocarbon containing formation, 

comprising: / 

providing heat from one/or more heat sources to at least a portion of the 
formation; / 
20 allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; and/ 

producing a mixture/from the formation, wherein a H 2 partial pressure within the 
mixture is greater than about 0.5 bar. 

25 1571. The method of claim 1 570, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

30 1 572. The method of claim 1 570, further comprising maintaining a temperature within 
the selected section Within a pyrolysis temperature range. 
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1 573 . The method of claim 1 570, wherein the/bne or more heat sources comprise 
electrical heaters. 

1574. The method of claim 1570, wherei^the one or more heat sources comprise 
surface burners. 

1575. The method of claim 1570, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1576. The method of claim 1570, /therein the one or more heat sources comprise natural 
distributed combustors. 



1 577. The method of claim 1 570, further comprising controlling a pressure and a 
15 temperature within at least a majority of the selected section of the formation, wherein 

the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1 578. The method of clainl 1 570, further comprising controlling the heat such that an 
20 average heating rate of the/selected section is less than about 1 °C per day during 

pyrolysis. 



1579. The method of claim 1570, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
25 heating a selected volume (F) of the hydrocarbon containing formation from the 

one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heaiing energy/day provided to the volume is equal to or less than Pwr, 
30 wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 
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wherein Pwr is the heating energy/day, }j is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is iess than about 10 
°C/day. / 

1580. The method of claim 1570, whereiri allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1581. The method of claim 1 570, whe/ein providing heat from the one or more heat 
sources comprises heating the selected/section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1 582. The method of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 583. The method of claim 1 57D, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abotit 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are /olefins. 

1 5 84. The method of clainy 1570, wherein the produced mixture comprises non- 
condensable hydrocarbonsVand wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons/ ranges from about 0.001 to about 0.15. 

1585. The method of c/aim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons, and whetein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensaole hydrocarbons is nitrogen. 

1 586. The method^ of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons, and/wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1 587. The method of claim 1 570, wherein th^ produced mixture comprises condensable 
hydrocarbons, and wherein less than about jl Ao by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1 588. The method of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1 589. The method of claim 1 570/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1590. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1591. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1 592. The method of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons, and vyherein about 5 % by weight to about 30 % by weight of the 
condensable hydrooarbons are cycloalkanes. 

1593. The method of claim 1570, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, andf wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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1594. The method of claim 1570, wherein the^produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



10 



1595. The method of claim 1570, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1596. The method of claim 1570, furtner comprising controlling a pressure within at 
least a majority of the selected sectiop of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1597. The method of claim 1570, further comprising altering a pressure within the 
formation to inhibit production (ff hydrocarbons from the formation having carbon 
numbers greater than about 25. y 



15 1 598. The method of clainy 1 570, further comprising recirculating a portion of the 
hydrogen within the mixture into the formation. 



20 



1599. The method of claim 1570, further comprising condensing a hydrocarbon 
component from the produced mixture and hydrogenating the condensed hydrocarbons 
with a portion of the hydrogen. 



25 



1 600. The method of claim 1 570, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section/ and 

heating a portion of the section with heat from hydrogenation. 



30 



1601 . The method of claim 1 570, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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1 602. The method of claim 1 570, wherein allowing tj?(e heat to transfer comprises 
substantially uniformly increasing a permeability of i majority of the selected section. 

1 603 . The method of claim 1570, further comprising controlling the heat to yield greater 
5 than about 60 % by weight of condensable hydrc/carbons, as measured by the Fischer 

Assay. / 

1604. The method of claim 1 570, wherein Producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 

10 the formation for each production well. / 

1605. The method of claim 1570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in/a unit of heat sources, and wherein the unit of heat 

15 sources comprises a triangular pattern. 

1606. The method of claim 1570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

20 sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 607. The method of claim/l 570, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

25 / 

1608. A method of treatitig a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
30 section of the formation; 
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wherein the selected section has been selected for heating using an atomic 
hydrogen weight percentage of at least a portionybf hydrocarbons in the selected section, 
and wherein at least the portion of the hydrocarbons in the selected section comprises an 
atomic hydrogen weight percentage, when measured on a dry, ash-free basis, of greater 
than about 4.0 %; and 

producing a mixture from the formation. 

1609. The method of claim 1608, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1610. The method of claim 1608; further comprising maintaining a temperature within 
the selected section within a pyrplysis temperature range. 

1611. The method of claim lp08, wherein the one or more heat sources comprise 
electrical heaters. 

1612. The method of clai^i 1608, wherein the one or more heat sources comprise 
surface burners. 

1613. The method of c/aim 1608, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1614. The method of claim 1608, wherein the one or more heat sources comprise natural 
distributed combustors. 



1615. The method of claim 1 608, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pres sure. 



504 



Conley, Rose & Tayon, P C. 



1616. The method of claim 1608, further comprising controlling the heat such that an 
average heating rate of the selected section is less/han about 1 °C per day during 
pyrolysis. / 

1617. The method of claim 1 608, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of tne hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least ^me hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C*p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1618. The method of clainv 1 608, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1619. The method of cl&im 1 608, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selecte/d section is greater than about 0.5 W/(m °C). 

1620. The method Af claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 62 1 . The method of claim 1 608, wherein the produced mixture comprises condensable 
hydrocarbons, aid wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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1622. The method of claim 1608, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio/of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.00 l/to about 0.15. 

1623. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 °/i by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nit/ogen. 
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10 1624. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons/is oxygen. 

1625. The method of claim 1608, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. 

1626. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 3 % by weight to about 30 % by weight of the condensable 

20 hydrocarbons comprise oxy aen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



25 



1627. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



1628. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1629. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

5 1630. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to/about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

1631. The method of claim 1608, wherein the produced mixture comprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

15 1632. The method of claim 1608, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1633. The method of claim 1608, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is lised to produce fertilizer. 

20 / 

1634. The method of claim 1608, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

25 1635. The method of claim 1608, further comprising controlling formation conditions to 
produce the mixture^ wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

1636. The metttod of claim 1635, wherein the partial pressure of H2 within the mixture 
30 is measured when the mixture is at a production well. 
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1637. The method of claim 1608, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

5 1638. The method of claim 1608, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from theinixture into the formation. 

1639. The method of claim 1608, further comprising: 

providing hydrogen (H 2 ) to the hea/ed section to hydrogenate hydrocarbons 
10 within the section; and / 

heating a portion of the section with heat from hydrogenation. 

1640. The method of claim 1608, rarther comprising; 

producing hydrogen and condensable hydrocarbons from the formation; and 
15 hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1641 . The method of claim L608, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 

20 millidarcy. / 

1642. The method of claim 1608, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

25 1643. The method of claim 1608, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

1644. The method/of claim 1608, wherein producing the mixture comprises producing 
30 the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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1 645. The method of claim 1 608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat /sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1646. The method of claim 1608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1647. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or mo/e heat sources to at least a portion of the 

formation; / 

allowing the heat to txansfer/irom the one or more heat sources to a selected 
section of the formation; / 

wherein at least some hydrocarbons within the selected section have an initial 
atomic hydrogen weight percentage of greater than about 4.0 %; and 

producing a mixture from the formation. 

1648. The method of clairry 1647, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1649. The method of claim 1647, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1650. The method df claim 1647, wherein the one or more heat sources comprise 
electrical heaters. / 
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1651. The method of claim 1647, wherein the one or/more heat sources comprise 
surface burners. / 

5 1 652. The method of claim 1 647, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

1653. The method of claim 1647, wherein the one or more heat sources comprise natural 
distributed combustors. / 

10 / 

1654. The method of claim 1647, further comprising controlling a pressure and a 
temperature within at least a majority oy the selected section of the formation, wherein 
the pressure is controlled as a function/of temperature, or the temperature is controlled as 
a function of pressure. / 

15 1655. The method of claim 1647, mrther comprising controlling the heat such that an 
average heating rate of the selected/section is less than about 1 °C per day during 
pyrolysis. / 

1656. The method of claim 1647, wherein providing heat from the one or more heat 
20 sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wnerein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 
25 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *L 

wherein Pwr is/the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
30 °C/day. / 
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1657. The method of claim 1647, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

1658. The method of claim 1647, wherein providing neat from the one or more heat 

5 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1659. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at leas/ about 25°. 

10 / 

1660. The method of claim 1647, wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

15 1 66 L The method of claim 1 647, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1662. The method of claim 1647, wherein the produced mixture comprises condensable 
20 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

1663. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

25 basis, of the condensable hydrocarbons is oxygen. 

1664. The method oi claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

30 / 
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1665. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, ^nd wherein the oxygen 
containing compounds comprise phenols. 

1666. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20/% by weight of the condensable 
hydrocarbons are aromatic compounds. 

10 1667. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about/5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromaxics with more than two rings. 

^ 1668. The method of claim 1647, wherein the produced mixture comprises condensable 

M 15 hydrocarbons, and wherein less than ^bout 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. . 
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1669. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are ycycloalkanes. 
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1670. The method of clainy 1647, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein /the hydrogen is less than about 80 % by volume of the non- 
condensable component 
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1671. The method or claim 1647, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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1 672. The method of claim 1 647, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 673 . The method of claim 1 647, further comprising controlling a pressure within at 
least a majority of the selected section of the fopiation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



10 



1674. The method of claim 1647, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



1675. The method of claim 1674, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

15 1676. The method of claim 1647, further comprising altering a pressure within the 
formation to inhibit production <pf hydrocarbons from the formation having carbon 
numbers greater than about 25y 
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1677. The method of claim/1647, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 
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1678. The method of claim 1647, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and/ 

heating a portibn of the section with heat from hydrogenation. 



30 



1679. The method/of claim 1647, further comprising: 

producing Hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 
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1680. The method of claim 1 647 , w 



herein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



1681. The method of claim 1 647, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



10 



1682. The method of claim 1647, further/comprising controlling the heat to yield greater 
than about 60 % by weight of condensab/e hydrocarbons, as measured by the Fischer 
Assay. 



a 

a 
=P 

M 
fU 

5 

a 

■F 

m 

j= 
a 



15 



20 



25 



1683. The method of claim 1647, Wherein producing the mixture comprises producing 
the mixture in a production well, arid wherein at least about 7 heat sources are disposed in 
the formation for each production/ well. 

1684. The method of claim 1647, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat, 
sources comprises a triangu/ar pattern. 

1685. The method of cla/m 1647, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in tl/e formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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1686. A method ofi treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing tfie heat to transfer from the one or more heat sources to a selected 
section of the formation: 
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wherein the selected section has been selected for heating using vitrinite 
reflectance of at least some hydrocarbons in the selected section, and wherein at least a 
portion of the hydrocarbons in the selected section comprises a vitrinite reflectance of 
greater than about 0.3 %; / 

wherein at least a portion of the hydrocarbons in the selected section comprises a 
vitrinite reflectance of less than about 4.5 %; and 

producing a mixture from the formation. 

1687. The method of claim 1686, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1688. The method of claim 168o, further comprising maintaining a temperature within 
the selected section within a pwolysis temperature. 

1689. The method of claim A 686, wherein the vitrinite reflectance of at least the portion 
of hydrocarbons within the selected section is between about 0.47 % and about 1.5 % 
such that a majority of the produced mixture comprises condensable hydrocarbons. 

1690. The method of claim 1686, wherein the vitrinite reflectance of at least the portion 
of hydrocarbons within ithe selected section is between about 1.4 % and about 4.2 % such 
that a majority of the produced mixture comprises non-condensable hydrocarbons. 

1691. The method of claim 1686, wherein the one or more heat sources comprise 
electrical heaters. / 

1692. The method! of claim 1686, wherein the one or more heat sources comprise 
surface burners. / 



V 
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1693. The method of claim 1686, wherein the one 
flameless distributed combustors. 



more heat sources comprise 



1694. The method of claim 1686, wherein the ope or more heat sources comprise natural 
distributed combustors. 
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1695. The method of claim 1686, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1696. The method of claim 1686, further comprising controlling the heat such that an 
average heating rate of the selected secfion is less than about 1 °C per day during 
pyrolysis. 

1697. The method of claim 1686, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume QV) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at/least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by pe equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation fyulk density, and wherein the heating rate is less than about 10 
°C/day. 
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1698. The method of clim 1686, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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1699. The method of claim 1686, wherein providing fyeat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about yO.5 W/(m °C). 

5 1700. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1701. The method of claim 1686, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 

10 condensable hydrocarbons are olefins. / 

1702. The method of claim 1686, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

15 / 

1703. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

20 1 704. The method of claim 16867 wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tttan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1705. The method of claim 1686, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. 

1706. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

30 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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1707. The method of claim 1686, wherein the produfced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 %/oy weight of the condensable 
hydrocarbons are aromatic compounds. 

5 

1708. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

10 1709. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abopt 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1710. The method of claim 1686, wherein the produced mixture comprises condensable 
1 5 hydrocarbons, and wherein about 5 f/o by weight to about 30 % by weight of the 

condensable hydrocarbons are cycpalkanes. 

1711. The method of claim 168t>, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 

20 wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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1712. The method of claim 1686, wherein the produced mixture comprises ammonia, 
and wherein greater than/about 0.05 % by weight of the produced mixture is ammonia. 



1713. The method of claim 1686, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 
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1714. The method of claim 1 686, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



5 1715. The method of claim 1686, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressur^of H 2 within the mixture is greater than 
about 0.5 bar. 

1716. The method of claim 1715, whereinAhe partial pressure of H 2 within the mixture 
10 is measured when the mixture is at a production well. 

1717. The method of claim 1 686, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

15 

1718. The method of claim 1 686, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1719. The method of claim 1 68©, further comprising: 
20 providing hydrogen (H2)/to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of tW section with heat from hydrogenation. 

1720. The method of claim/1686, further comprising: 

25 producing hydrogeryand condensable hydrocarbons from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



1 72 1 . The method of claim 1 686, wherein allowing the heat to transfer comprises 
30 increasing a permeabilj/cy of a majority of the selected section to greater than about 100 
millidarcy. 
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1722. The method of claim 1686, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of/a majority of the selected section. 

5 1723. The method of claim 1 686, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

1724. The method of claim 1686, wherein producing the mixture comprises producing 
10 the mixture in a production well, and wherein at least about 7 heat sources are disposed in 

the formation for each production well. / 

1725. The method of claim 1686, furtner comprising providing heat from three or more 
heat sources to at least a portion of Xht formation, wherein three or more of the heat 

15 sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1726. The method of claim 1686, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

20 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1727. A method of treating a hydrocarbon containing formation in situ, comprising: 
25 providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat/to transfer from the one or more heat sources to a selected 
section of the formation/ 

wherein the selected section has been selected for heating using a total organic 
30 matter weight percentage of at least a portion of the selected section, and wherein at least 
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the portion of the selected section comprises a tot^l organic matter weight percentage, of 
at least about 5.0 %; and 

: producing a mixture from the formatior 

5 1728. The method of claim 1727, wherein me one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

10 1729. The method of claim 1727, fitrther comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



15 



1730. The method of claim 17^7, wherein the one or more heat sources comprise 
electrical heaters. 

1 73 1 . The method of claim fL 727, wherein the one or more heat sources comprise 
surface burners. 



20 



1732. The method of claim 1727, wherein the one or more heat sources comprise 
flameless distributed combustors. 



1733. The method of plaim 1727, wherein the one or more heat sources comprise natural 
distributed combustor 



25 1734. The method pf claim 1727, further comprising controlling a pressure and a 

temperature within /at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1735. The method of claim 1727, further comprising controlling the heat such that an 
average heating rate of the selected section is les/than about 1 °C per day during 
pyrolysis. / 

5 1 736. The method of claim 1727, wherein Providing heat from the one or more heat 
sources to at least the portion of formation/comprises: 

heating a selected volume (F) of me hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least/some hydrocarbons within the selected volume of 
10 the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr — h*V*C y *pB 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
15 formation, ps is formation bulla density, and wherein the heating rate is less than about 10 
°C/day. 
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1 737. The method of clairry 1 727, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 738. The method of claim 1 727, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



25 1739. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 
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1740. The method! of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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1741. The method of claim 1727, wherein the pr6duced mixture comprises non- 
condensable hydrocarbons, and wherein a molar/ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0(001 to about 0.15. 

1 742. The method of claim 1 727, wherein tne produced mixture comprises condensable 
hydrocarbons, and wherein less than about/l % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons iy nitrogen. 

1743. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1744. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1745. The method of claim A 727, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1746. The method of cllaim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1747. The methocyof claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and/wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



Conley, Rose & Tayon, P.C. 



1 748. The method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 



1 749. The method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight jo about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

1 750. The method of claim 1 727, wherein the produced mixture comprises a non- 
condensable component, wherein the non-c/ondensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen i/less than about 80 % by volume of the non- 
condensable component. / 

1 75 1 . The method of claim 1 727, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 752. The method of claim 1 7Z>7, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 753 . The method of claim? 1 727, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1754. The method of Jlaim 1727, further comprising controlling formation conditions to 
produce the mixture, ^herein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. / 

1755. The method/of claim 1754, wherein the partial pressure of H 2 within the mixture 
is measured when tfhe mixture is at a production well. 
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1756. The method of claim 1727, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons fipm the formation having carbon 
numbers greater than about 25. 

1757. The method of claim 1727, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from me mixture into the formation. 
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1758. The method of claim 1727, further comprising: 

providing hydrogen (H2) to the Ideated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the sectiofa with heat from hydrogenation. 



15 



1 759. The method of claim 1 727/ further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion/ of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



20 



1 760. The method of claim 1 727, wherein allowing the heat to transfer comprises 
increasing a permeability cff a majority of the selected section to greater than about 100 
millidarcy. 



1761. The method of claim 1727, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

25 1762. The method bf claim 1727, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



30 



1763. The method of claim 1727, wherein producing the mixture comprises producing 



the mixture in a 



production well, and wherein at least about 7 heat sources are disposed in 



the formation for each production well. 
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1764. The method of claim 1727, further composing providing heat from three or more 
heat sources to at least a portion of the formation^ wherein three or more of the heat 
sources are located in the formation in a unit oj heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1765. The method of claim 1727, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a \4nit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, ahd wherein a plurality of the units are repeated 
over an area of the formation to form repetitive pattern of units. 

1766. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or ynore heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

wherein at least some hydrocarbons within the selected section have an initial 
total organic matter weight percentage of at least about 5.0%; and 

producing a mixture from the formation. 

1767. The method of claim 1766, wherein the one or more heat sources comprise at 
least two heat sources, ana wherein superposition of heat from at least the two heat 
sources pyrolyzes at leas/ some hydrocarbons within the selected section of the 
formation. 

1768. The method oi claim 1 766, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



1769. The method/of claim 1 766, wherein the one or more heat sources comprise 
electrical heaters. 
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/ 

1770. The method of claim 1766, wherein the one/or more heat sources comprise 
surface burners. / 

5 1 77 1 . The method of claim 1 766, wherein the/one or more heat sources comprise 
flameless distributed combustors. / 

1772. The method of claim 1 766, wherein the one or more heat sources comprise natural 
distributed combustors. / 

10 / 

1773. The method of claim 1766, furtner comprising controlling a pressure and a 
temperature within at least a majority/of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

15 / 

1774. The method of claim 176y6, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

20 1 775. The method of clainy 1 766, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources/ wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
25 the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*(J v *pB 

wherein Pwrlis the heating energy/day, h is an average heating rate of the 
30 formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 
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t 

le heat to transfer comprises 

5 1 777. The method of claim 1 766, wherein providing heat from the one or more heat 

sources comprises heating the selected sectionysuch that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1778. The method of claim 1766, wherein the produced mixture comprises condensable 
10 hydrocarbons having an API gravity ofM least about 25°. 

1779. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0(l % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

15 / 

1780. The method of claim 1766, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

20 1781. The method of claim 1 766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1782. The method of claim 1766, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 

1783. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

30 basis, of the condensable hydrocarbons is sulfur. 
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1 776. The method of claim 1 766, wherein allowing i 
transferring heat substantially by conduction. 



1784. The method of claim 1/66, wherein the produced mixture comprises condensable 



hydrocarbons, wherein about 5 % by weight to about j30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



1785. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about ^0 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

10 1 786. The method of claim 1 766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1787. The method of claim 1766, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less thai/ about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



20 



1788. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are/cycloalkanes. 



25 



1789. The method of claim/1766, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein fne hydrogen is less than about 80 % by volume of the non- 
condensable components 



30 



1790. The method of claim 1766, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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1791 . The method of claim 1766, wherein the produced rpfix^ire comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1792. The method of claim 1766, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



10 



1793. The method of claim 1766, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressjare of H2 within the mixture is greater than 
about 0.5 bar. 



1794. The method of claim 1793, whe/ein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

15 1795. The method of claim 1766, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



20 



1796. The method of claim 1766, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



25 



1797. The method of claim 1766, further comprising: 

providing hydrogep (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portioi/of the section with heat from hydrogenation. 



30 



1 798. The method of/claim 1766, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenatine a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 
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1799. The method of claim 1766, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



1800. The method of claim 1766, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



10 



1801. The method of claim 1 766, furthe/ comprising controlling the heat to yield greater 
than about 60 % by weight of condensate hydrocarbons, as measured by the Fischer 
Assay. 



15 



20 



25 



1802. The method of claim 1766, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each productions well. 

1803. The method of claim 1766, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the foimation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 804. The method of claim 1 766, further comprising providing heat from three or more 
heat sources to at least a/portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



30 



1 805. A method or treating a hydrocarbon containing formation in situ, comprising: 

providing l/eat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the forination; 
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wherein the selected section has been selected for heating using an atomic oxygen 
weight percentage of at least a portion of hydrocarbons in/the selected section, and 
wherein at least a portion of the hydrocarbons in the selected section comprises an atomic 
oxygen weight percentage of less than about 1 5% wh^n measured on a dry, ash free 
5 basis; and / 

producing a mixture from the formation. / 

1 806. The method of claim 1 805, wherein the^ one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 

10 sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1 807. The method of claim 1 805, further comprising maintaining a temperature within 
the selected section within a pyrolysig temperature range. 

15 / 

1 808. The method of claim 1 805/ wherein the one or more heat sources comprise 
electrical heaters. / 

1809. The method of claim V805, wherein the one or more heat sources comprise 
20 surface burners. / 

1810. The method of claim 1 805, wherein the one or more heat sources comprise 
flameless distributed combustors. 

25 1811. The method of claim 1 805, wherein the one or more heat sources comprise natural 
distributed combustors. 

1812. The method of claim 1805, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
30 the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1813. The method of claim 1805, further comprising coritrolling the heat such that an 
average heating rate of the selected section is less than^about 1 °C per day during 
pyrolysis. 

5 

1814. The method of claim 1805, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
10 wherein the heating pyrolyzes at least soi^e hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

15 wherein Pwr is the heating' energy/day, h is an average heating rate of the 

formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



20 



1815. The method of clainV 1 805, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



25 



1816. The method of claim 1805, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1817. The methocyof claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1818. The method of claim 1 805, wherein the produced mixture comprises condensable 
30 hydrocarbons, ahd wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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1819. The method of claim 1805, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001' to about 0.15. 

1 820. The method of claim 1 805, wherein the Produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 °/o by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is ru/rogen. 



10 
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1 821 . The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1 822. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1823. The method of claim L805, wherein the produced mixture comprises condensable 
hydrocarbons, wherein abouy 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxyigen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



25 



1 824. The method of cfeim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



1825. The method 6f claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



30 
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1826. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1 827. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weigh/ to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

1 828. The method of claim 1 805, wherein/ the produced mixture comprises a non- 
condensable component, wherein the non/condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

1 829. The method of claim 1 805 Jwherein the produced mixture comprises ammonia, 
and wherein greater than about 0.65 % by weight of the produced mixture is ammonia. 

1 830. The method of claim 1 805, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1831. The method of claim 1 805, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1 832. The method of dlaim 1 805, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

1833. The method/of claim 1832, wherein the partial pressure of H2 within the mixture 
is measured when tiie mixture is at a production well. 



535 



Contey, Rose & Tayon, P.C. 



1834. The method of claim 1805, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons ffom the formation having carbon 
numbers greater than about 25. 



1835. The method of claim 1805, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from/the mixture into the formation. 



10 



1 836. The method of claim 1 805, further comprising: 

providing hydrogen (H2) to the jaeated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



15 



1 837. The method of claim 1 805/ further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion/of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



20 



1 838. The method of clainy 1 805, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



25 



1 839. The method of claim 1 805, wherein allowing the heat to transfer further 
comprises substantially/uniformly increasing a permeability of a majority of the selected 
section. 

1840. The method afr claim 1805, further comprising controlling the heat to yield greater 
than about 60 % by yveight of condensable hydrocarbons, as measured by the Fischer 
Assay. 
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1 841 . The method of claim 1 805, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least ^bout 7 heat sources are disposed in 
the formation for each production well. 

1 842. The method of claim 1 805, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit o/ heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



10 1 843. The method of claim 1 805, furtheivcomprising providing heat from three or more 

heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 

sources comprises a triangular pattern; and wherein a plurality of the units are repeated 

over an area of the formation to form a repetitive pattern of units. 

15 / 

1 844. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one fir more heat sources to a selected section of the 

formation; 

allowing the heat to transfer from the one or more heat sources to the selected 
20 section of the formation to pyrolyze hydrocarbon within the selected section; 

wherein at least somp hydrocarbons within the selected section have an initial 
atomic oxygen weight percentage of less than about 15%; and 
producing a mixture from the formation. 



25 1 845. The method of claim 1 844, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at l^ast some hydrocarbons within the selected section of the 
formation. 



30 1846. The method 
the selected section 



)f claim 1844, further comprising maintaining a temperature within 
within a pyrolysis temperature range 
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1 847. The method of claim 1 844, wherein the one/or more heat sources comprise 
electrical heaters. / 



10 



1 848. The method of claim 1 844, wherein the/one or more heat sources comprise 
surface burners. 

1849. The method of claim 1844, whereii/ the one or more heat sources comprise 
flameless distributed combustors. 

1850. The method of claim 1844, wh/rein the one or more heat sources comprise natural 
distributed combustors. 



1851. The method of claim 1 844, further comprising controlling a pressure and a 
15 temperature within at least a majority of the selected section of the formation, wherein 

the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1852. The method of claim /844, further comprising controlling the heat such that an 
20 average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 



25 



30 



1 853. The method of cl^im 1 844, wherein providing heat from the one or more heat 
sources to at least the po/tion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heatfng energy/day provided to the volume is equal to or less than Pwr, 



wherein Pwr is calc 



Pwr = hWiC v *p B 



lated by the equation: 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein Wheating rate is less than about 10 
°C/day. / 

5 1 854. The method of claim 1 844, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

1 855. The method of claim 1 844, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 

10 a portion of the selected section is greater man about 0.5 W/(m °C). 

1 856. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity oyat least about 25°. 

15 1857. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about o(l % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1858. The method of claim 1 844, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1 859. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

25 basis, of the condensable hydrocarbons is nitrogen. 

1 860. The method off claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

30 / 
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1 86 1 . The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by yeight when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur.^' 

1862. The method of claim 1844, wherein theyproduced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing impounds, and wherein the oxygen 
containing compounds comprise phenols. 



10 1 863. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1864. The method of claim 1844, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein lessyfhan about 5 % by weight of the condensable 
hydrocarbons comprises multi/ring aromatics with more than two rings. 



20 



1 865. The method of clainy 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and whereiiy less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



25 



30 



1 866. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocapons are cycloalkanes. 

1 867. The method/of claim 1 844, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydro/gen is greater than about 10 % by volume of the non-condensable 
component and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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1868. The method of claim 1844, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of/the produced mixture is ammonia. 



1869. The method of claim 1844, wherein the produced mixture comprises ammonia, 
5 and wherein the ammonia is used to produce fertilizer. 

1870. The method of claim 1844, further comprising controlling a pressure within at 
least a majority of the selected section of th^ formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

10 

1871. The method of claim 1 844, further comprising controlling formation conditions to 
produce the mixture, wherein a partial/pressure of H2 within the mixture is greater than 
about 0.5 bar. 

15 1 872. The method of claim 1871 ,/wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



20 



1 873 . The method of claim 1 8j44, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 2i 



1874. The method of claim 1844, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

25 1875. The method of claim 1 844, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and/ 

heating a portion of the section with heat from hydrogenation. 



30 1876. The method 
producing 



h>d 



\ 



f claim 1844, further comprising: 

rogen and condensable hydrocarbons from the formation; and 
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hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



10 



1 877. The method of claim 1 844, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the sele^ed section to greater than about 100 
millidarcy. 

1 878. The method of claim 1 844, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1879. The method of claim 1 844, further/comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



15 1 880. The method of claim 1 844, wtterein producing the mixture comprises producing 
the mixture in a production well, ana wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1881. The method of claim 1 844, further comprising providing heat from three or more 
20 heat sources to at least a portion/of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular/pattern. 

1 882. The method of claim n 844, further comprising providing heat from three or more 
25 heat sources to at least a poiiion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



30 



1 883. A method of treamng a hydrocarbon containing formation in situ, comprising: 
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providing heat from one or more heat sources tp at least a portion of the 
formation; 

allowing the heat to transfer from the one of more heat sources to a selected 
section of the formation; 

wherein the selected section has been selected for heating using an atomic 
hydrogen to carbon ratio of at least a portion or hydrocarbons in the selected section, 
wherein at least a portion of the hydrocarbons in the selected section comprises an atomic 
hydrogen to carbon ratio greater than aboi^t 0.70, and wherein the atomic hydrogen to 
carbon ratio is less than about 1 .65; and 

producing a mixture from the formation. 



15 



1884. The method of claim 1883, Wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



1885. The method of claim ^883, further comprising maintaining a temperature within 
the selected section within ayfcyrolysis temperature range. 

20 1 886. The method of clajm 1 883, wherein the one or more heat sources comprise 
electrical heaters. 



25 



1887. The method of plaim 1883, wherein the one or more heat sources comprise 
surface burners. 

1888. The method jpf claim 1883, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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1 889. The method of claim 1 883, wherein the one or more heat sources comprise natural 
distributed combustors. 
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1 890. The method of claim 1 883, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature^ or the temperature is controlled as 
a function of pressure. 

5 

1 891 . The method of claim 1 883, further comprising controlling the heat such that an 
average heating rate of the selected section is le/s than about 1 °C per day during 
pyrolysis. 

10 1 892. The method of claim 1 883, wherein/providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least /some hydrocarbons within the selected volume of 
15 the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr — h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
20 formation, p B is formation bulk/density, and wherein the heating rate is less than about 1 0 
°C/day. 



25 



30 



1 893. The method of clairrf 1 883, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 894. The method of claim 1883, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selectea section is greater than about 0.5 W/(m °C). 



1895. The method o: 
hydrocarbons having 



claim 1883, wherein the produced mixture comprises condensable 
&n API gravity of at least about 25°. 
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1 896. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight tp about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1897. The method of claim 1883, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from abouy 0.001 to about 0.15. 

1 898. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons Is nitrogen. 

1 899. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1900. The method of claim 188p, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1 901 . The method of claim/l 883, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1902. The method of aaim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



\ 
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1903. The method of claim 1883, wherein the produced mixture comprises condensable 

/ 

hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with n/ore than two rings. 



5 1 904. The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 jo by weight of the condensable 
hydrocarbons are asphaltenes. 

1905. The method of claim 1883, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by /weight to about 30 % by weight of the 

condensable hydrocarbons are cycloalkanes. 

1906. The method of claim 1883, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 

15 wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1907. The method of claim 1883, wherein the produced mixture comprises ammonia, 
20 and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1908. The method of claim 1883, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

25 1909. The method ofpaim 1 883, further comprising controlling a pressure within at 
least a majority of th© selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1910. The method/of claim 1883, further comprising controlling formation conditions to 
30 produce the mixtuip, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 
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/ 

1911. The method of claim 1910, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1912. The method of claim 1 883, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



10 



1913. The method of claim 1883, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



15 



1914. The method of claim 1883, further comprising: 

providing hydrogen (H2) to pe heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



20 



1915. The method of claim 1 »83, further comprising: 

producing hydrogen a&d condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



25 



1916. The method of cl^m 1 883, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1917. The method of claim 1 883, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1918. The method of claim 1 883, further comprising controlling the heat to yield greater 
30 than about 60 % bf weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 
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1919. The method of claim 1883, wherein producin4 the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

5 / 

1920. The method of claim 1883, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unii of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

10 / 

1 92 1 . The method of claim 1883, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation /n a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

15 over an area of the formation to form a repetitive pattern of units. 

1922. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from on!e or more heat sources to a selected section of the 

formation; / 
20 allowing the heat to transfer from the one or more heat sources to the selected 

section of the formation to/pyrolyze hydrocarbons within the selected section; 

wherein at least some hydrocarbons within the selected section have an initial 
atomic hydrogen to carbon ratio greater than about 0.70; 

wherein the initial atomic hydrogen to carbon ration is less than about 1 .65; and 
25 producing a mixture from the formation. 

1923. The method of claim 1922, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 

30 formation. / 
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1 924. The method of claim 1 922, further comprising Maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1 925 . The method of claim 1 922, wherein the onte or more heat sources comprise 
5 electrical heaters. / 

1926. The method of claim 1922, wherein the one or more heat sources comprise 
surface burners. / 

10 1927. The method of claim 1922, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

1928. The method of claim 1922, wherein the one or more heat sources comprise natural 
distributed combustors. / 

15 / 

1929. The method of claim 1922, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a/function of temperature, or the temperature is controlled as 
a function of pressure. / 

20 / 

1930. The method of claifn 1922, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

25 1931. The method of /claim 1 922, wherein providing heat from the one or more heat 
sources to at least theroortion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 

30 the formation; and / 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 
Pwr = h* V*C V *p B I 

wherein Pwr is the heating energy/day, h is/an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1932. The method of claim 1 922, wherein flowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1933. The method of claim 1922, whe/ein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a pbrtion of the selected section is greater than about 0.5 W/(m °C). 

1934. The method of claim 1922; wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1935. The method of claim \B22, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein aoout 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1936. The method of claim 1922, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1937. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and Wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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1938. The method of claim 1922. wherein the produced fixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weigty, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

5 1939. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur/ 

1940. The method of claim 1922, wherein the produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1941. The method of claim 1922, Wierein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 



20 



1942. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises mulii-ring aromatics with more than two rings. 



25 



1943. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and where/n less than about 0.3 % by weight of the condensable 
hydrocarbons are asphattenes. 

1944. The method off claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wnerein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 1945. The method of claim 1922, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by vo / Aime of the non-condensable 
component, and wherein the hydrogen is less than aty^ut 80 % by volume of the non- 
condensable component. 

1946. The method of claim 1922, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1947. The method of claim 1922, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1948. The method of claim 1922, furaier comprising controlling a pressure within at 
least a majority of the selected sectio^i of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



15 1949. The method of claim 1922, further comprising controlling formation conditions to 
produce the mixture, wherein aypartial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



20 



1950. The method of claim 1 949, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



25 



1951. The method of craim 1 922, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1 952. The method of claim 1 922, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



1953. The method of claim 1922, further comprising: 
30 providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 
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heating a portion of the section with heat from hydrygenation. 



1954. The method of claim 1922, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



10 



1955. The method of claim 1922, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of theyselected section to greater than about 100 
millidarcy. 



1956. The method of claim 1922, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a peymeability of a majority of the selected section. 

15 1957. The method of claim 1922, farther comprising controlling the heat to yield greater 
than about 60 % by weight of concj&nsable hydrocarbons, as measured by the Fischer 
Assay. 

1958. The method of claim 1922, wherein producing the mixture comprises producing 
20 the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



25 



1959. The method of claim 1922, further comprising providing heat from three or more 
heat sources to at least apportion of the formation, wherein three or more of the heat 
sources are located in ttte formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



30 



1960. The method of claim 1922, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 



553 



Conley, Rose & Tayon, P.C. 



sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive patterr/ of units. 

1961 . A method of treating a hydrocarbon containing formation in situ, comprising: 
5 providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the orte or more heat sources to a selected 
section of the formation; / 

wherein the selected section has beei/ selected for heating using an atomic oxygen 
10 to carbon ratio of at least a portion of hydrocarbons in the selected section, wherein at 

least a portion of the hydrocarbons in the/selected section comprises an atomic oxygen to 
carbon ratio greater than about 0.025, aiid wherein the atomic oxygen to carbon ratio of at 
least a portion of the hydrocarbons in me selected section is less than about 0.15 and 

producing a mixture from the formation. 
15 / 

1962. The method of claim 196U wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

20 / 

1 963. The method of clairil 1 96 1 , further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1964. The method of claim 1961, wherein the one or more heat sources comprise 
25 electrical heaters. / 



1965. The method </f claim 1961, wherein the one or more heat sources comprise 
surface burners. 



30 1 966. The method of claim 1 961 , wherein the one or more heat sources comprise 
flameless distributed combustors. 
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1967. The method of claim 1961, wherein the on/ or more heat sources comprise natural 
distributed combustors. 

1 968. The method of claim 1 96 1 , further comprising controlling a pressure and a 
temperature within at least a majority of tne selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1 0 1 969. The method of claim 1961, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

1 970. The method of claim 1 9fe 1 , wherein providing heat from the one or more heat 
15 sources to at least the portion pf formation comprises: 

heating a selected vonime (V) of the hydrocarbon containing formation from the 
one or more heat sources, vraerein the formation has an average heat capacity (C v ), and 
wherein the heating pyrotyzes at least some hydrocarbons within the selected volume of 
the formation; and 

20 wherein heating ^nergy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 
Pwr = h*V*C v rp B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is fornfation bulk density, and wherein the heating rate is less than about 10 
25 °C/day. 



1 97 1 . The method of claim 1 96 1 , wherein allowing the heat to transfer comprises 
transferring heat ^ibstantially by conduction. 
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1 972. The method of claim 1961, wherein providing ^eat from the one or more heat 
sources comprises heating the selected section such tnat a thermal conductivity of at least 
a portion of the selected section is greater than ab9ut 0.5 W/(m °C). 

1 973 . The method of claim 1961, wherein thef produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



10 



1 974. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 y/by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins/ 



15 



1975. The method of claim 1961,/vherein the produced mixture comprises non- 
condensable hydrocarbons, and wnerein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1976. The method of claim 1/961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



20 1 977. The method of claim 1 96 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1 978. The method df claim 1 96 1 , wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



30 



1 979. The method of claim 1 96 1 , wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing confounds comprise phenols. 
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1980. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1981. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



10 
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1982. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about/0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1983. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloajfkanes. 

1 984. The method of claim 1961, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hyd/ogen is less than about 80 % by volume of the non- 
condensable component. 



25 



1985. The method of claim 1961, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1986. The method of claim 1961, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 
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/ / 

1 987. The method of claim 1 96 1 , further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

5 1988. The method of claim 1961, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

1989. The method of claim 1988, wherein the partial pressure of H2 within the mixture 
10 is measured when the mixture is at a production well. 

1 990. The method of claim 1 96 1 , 
formation to inhibit production of i 
numbers greater than about 25. / 

15 / 

1991. The method of claim 061, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1 992. The method of claim 1961, further comprising: 

20 providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and / 

heating a portion of the section with heat from hydrogenation. 

1993. The method of claim 1961, further comprising: 

25 producing hydrogen and condensable hydrocarbons from the formation; and 

hydrogenattng a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1994. The method of claim 1961, wherein allowing the heat to transfer comprises 

30 increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



ler comprising altering a pressure within the 
lydrocarbons from the formation having carbon 
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1995. The method of claim 1961, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. / 

1996. The method of claim 1961, further composing controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

1997. The method of claim 1961, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well./ 

1998. The method of claim 1 961 , fiirther comprising providing heat from three or more 
heat sources to at least a portion of me formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1999. The method of claim 1961 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangmar pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2000. A method of treating a hydrocarbon containing formation in situ, comprising 
providing heat from one or more heat sources to a selected section of the 

formation; / 

allowing the neat to transfer from the one or more heat sources to the selected 
section of the formation to pyrolyze hydrocarbons within the selected section; 

wherein at ldast some hydrocarbons within the selected section have an initial 
atomic oxygen to carbon ratio greater than about 0.025; 
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wherein the initial atomic oxygen to carbon ratio iyless than about 0.15; and 
producing a mixture from the formation. 

2001 . The method of claim 2000, wherein the one oi/more heat sources comprise at 
least two heat sources, and wherein superposition ofneat from at least the two heat 
sources pyrolyzes at least some hydrocarbons witlpn the selected section of the 
formation. 



10 



2002. The method of claim 2000, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



2003. The method of claim 2000, wherein the one or more heat sources comprise 
electrical heaters. 

15 2004. The method of claim 2000, ^herein the one or more heat sources comprise 
surface burners. 



20 



2005. The method of claim 2000, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2006. The method of claim yGOOO, wherein the one or more heat sources comprise natural 
distributed combustors. 



2007. The method of claim 2000, further comprising controlling a pressure and a 
25 temperature within at leapt a majority of the selected section of the formation, wherein 

the pressure is controller as a function of temperature, or the temperature is controlled as 
a function of pressure. 



2008. The method of claim 2000, further comprising controlling the heat such that an 
30 average heating rate pf the selected section is less than about 1 °C per day during 
pyrolysis. 
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2009. The method of claim 2000, wherein providing heat frp&i the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon/containing formation from the 
one or more heat sources, wherein the formation has ail average heat capacity (C v ) 5 and 
wherein the heating pyrolyzes at least some hydrocapons within the selected volume of 
the formation; and 

wherein heating energy/day provided to tj?(e volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/ds(y, h is an average heating rate of the 
formation, p B is formation bulk density, atja wherein the heating rate is less than about 10 
°C/day. 



15 20 1 0. The method of claim 2000, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



20 



20 1 1 . The method of claim 2000, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



20 1 2. The method of clairrf 2000, wherein the produced mixture comprises condensable 
hydrocarbons having an Afl gravity of at least about 25°. 

25 20 1 3 . The method of clAim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



20 1 4. The method of claim 2000, wherein the produced mixture comprises non- 
30 condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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2015. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

5 / 

2016. The method of claim 2000, wherein pe produced mixture comprises condensable 
hydrocarbons, and wherein less than about/1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is^ oxygen. 

10 2017. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than/about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

201 8. The method of claim 2000, wherein the produced mixture comprises condensable 
15 hydrocarbons, wherein about 5/% by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2019. The method of claim 2000, wherein the produced mixture comprises condensable 
20 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 



25 



2020. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and whferein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



30 



202 1 . The method (of claim 2000, wherein the produced mixture comprises condensable 



hydrocarbons, and 



hydrocarbons are asphaltenes 



therein less than about 0.3 % by weight of the condensable 
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2022. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to atyout 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



10 



2023. The method of claim 2000, wherein the p/oduced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10/% by volume of the non-condensable 
component, and wherein the hydrogen is les/ than about 80 % by volume of the non- 
condensable component. 

2024. The method of claim 2000, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 °/J by weight of the produced mixture is ammonia. 



15 



2025. The method of claim 2000, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used io produce fertilizer. 



20 



2026. The method of claim 2000, further comprising controlling a pressure within at 
least a majority of the selectecy section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2027. The method of claim 2000, further comprising controlling formation conditions to 
produce the mixture, whei/ein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



25 2028. The method of claim 2027, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



2029. The method 01 claim 2000, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
about 25. 



30 numbers greater thar 



V 
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2030. The method of claim 2000, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into/the formation. 



203 1 . The method of claim 2000, further comprising: 
5 providing hydrogen (H2) to the heated section t6 h^drogenate hydrocarbons 

within the section; and / 1 

heating a portion of the section with heat fWm hydrogenation. 

2032. The method of claim 2000, further comprising: 
10 producing hydrogen and condensable Hydrocarbons from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2033. The method of claim 2000, wherein allowing the heat to transfer comprises 
15 increasing a permeability of a majority of the selected section to greater than about 100 

rnillidarcy. 



20 



2034. The method of claim 200y, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 



25 



30 



2035. The method of clainy2000, further comprising controlling the heat to yield greater 
than about 60 % by weight jof condensable hydrocarbons, as measured by the Fischer 
Assay. 

2036. The method of clkim 2000, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



2037. The method oft claim 
heat sources to at least 



2000, further comprising providing heat from three or more 
a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

2038. The method of claim 2000, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2039. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or moreyneat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

wherein the selected section has been selected for heating using a moisture 
content in the selected section, ana wherein at least a portion of the selected section 
comprises a moisture content ofAess than about 15%; and 

producing a mixture from the formation. 

2040. The method of clainy2039, wherein the one or more heat sources comprise at 
least two heat sources, and Avherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

2041 . The method of claim 2039, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2042. The method/of claim 2039, wherein the one or more heat sources comprise 
electrical heaters. / 
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2043. The method of claim 2039, wherein the one or/6iore heat sources comprise 
surface burners. 

2044. The method of claim 2039, wherein the /ne or more heat sources comprise 
5 flameless distributed combustors. 



2045. The method of claim 2039, wherein the one or more heat sources comprise natural 
distributed combustors. / 

10 2046. The method of claim 2039, fwther comprising controlling a pressure and a 

temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

15 2047. The method of claim2039, further comprising controlling the heat such that an 
average heating rate of the^selected section is less than about 1 °C per day during 
pyrolysis. / 

2048. The method onclaim 2039, wherein providing heat from the one or more heat 
20 sources to at least the portion of formation comprises: 

heating a selected volume (^0 of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

25 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwrjs calculated by the equation: 
Pwr 1= h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation,/^ is formation bulk density, and wherein the heating rate is less than about 10 
30 °C/day. / 
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2049. The method of claim 2039, wherein allowing the h&tt to transfer comprises 
transferring heat substantially by conduction. 



10 



2050. The method of claim 2039, wherein providing heat from the one or more heat 
sources comprises heating the selected section su<m that a thermal conductivity of at least 
a portion of the selected section is greater than afoout 0.5 W/(m °C). 

205 1 . The method of claim 2039, wherein/he produced mixture comprises condensable 
hydrocarbons having an API gravity of at/least about 25°. 

2052. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0./ % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



15 2053. The method of claim 2039, wherein the produced mixture comprises non- 
condensable hydrocarbons, 3&d wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons Ranges from about 0.00 1 to about 0.15. 

2054. The method of claim 2039, wherein the produced mixture comprises condensable 
20 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



25 



2055. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, ana wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



30 



2056. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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2057. The method of claim 2039, wherein the produced/mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

2058. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about/20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

2059. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring airomatics with more than two rings. 

2060. The method of claim 203 91 wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

2061 . The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2062. The method or claim 2039, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

2063. The method of claim 2039, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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2064. The method of claim 2039, wherein the produced njftxture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



2065. The method of claim 2039, further comprising controlling a pressure within at 
least a majority of the selected section of the formajAon, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



10 



2066. The method of claim 2039, further corrtprising controlling formation conditions to 
produce the mixture, wherein a partial pressyre of H2 within the mixture is greater than 
about 0.5 bar. 



2067. The method of claim 2066, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

15 2068. The method of claim 2039Jiurther comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. y 



20 



2069. The method of claim/2039, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



25 



2070. The method of claim 2039, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; ami 

heating a portion of the section with heat from hydrogenation. 



30 



2071 . The methpd of claim 2039, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 
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2072. The method of claim 2039, wherein allowing thereat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

5 2073. The method of claim 2039, wherein allowing the heat to transfer further 

comprises substantially uniformly increasing a pe^eability of a majority of the selected 
section. 

2074. The method of claim 2039, further comprising controlling the heat to yield greater 
10 than about 60 % by weight of condensable Jiydrocarbons, as measured by the Fischer 
Assay. 



15 



2075. The method of claim 2039, wherein producing the mixture comprises producing 
the mixture in a production well, and/wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



20 



2076. The method of claim 2039, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



25 



2077. The method of claim 2039, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



30 



2078. A method oy treating a hydrocarbon containing formation in situ, comprising: 

providing l/eat from one or more heat sources to a selected section of the 
formation; 
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allowing the heat to transfer from the one or more'heat sources to the selected 
section of the formation; / 

wherein at least a portion of the selected section has an initial moisture content of 
less than about 15%; and 

producing a mixture from the formation. 



10 



2079. The method of claim 2078, wherein the; one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarb^ms within the selected section of the 
formation. 



2080. The method of claim 2078, further comprising maintaining a temperature within 
the selected section within a pyrolys/s temperature range. 

15 208 1 . The method of claim 207$, wherein the one or more heat sources comprise 
electrical heaters. 



20 



2082. The method of claim £078, wherein the one or more heat sources comprise 
surface burners. 

2083. The method of clafim 2078, wherein the one or more heat sources comprise 
flameless distributed combustors. 



2084. The method of claim 2078, wherein the one or more heat sources comprise natural 
25 distributed combustors. 



2085. The methofl of claim 2078, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
30 a function of pressure. 



V 



571 



Conley, Rose & Tayon, P C. 



/ 

2086. The method of claim 2078, further comprising controlling the heat such that an 
average heating rate of the selected section is less tjW about 1 °C per day during 
pyrolysis. 

5 2087. The method of claim 2078, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the forfnation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least sqme hydrocarbons within the selected volume of 
10 the formation; and 

wherein heating energy/day p/ovided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
15 formation, p B is formation bulk gensity, and wherein the heating rate is less than about 10 
°C/day. 



20 



2088. The method of claim 2078, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2089. The method of claim 2078, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



25 2090. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



30 



2091 . The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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2092. The method of claim 2078, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.00/ to about 0.15. 

5 2093. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2094. The method of claim 2078, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 

2095. The method of claim 2078, ywherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is sulfur. 

2096. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

20 containing compounds comprise phenols. 

2097. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

25 / 

2098. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, ana wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



V 
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2099. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by v/eight of the condensable 
hydrocarbons are asphaltenes. 



5 2100. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight /o about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2101 . The method of claim 2078, wherein ti(e produced mixture comprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is/less than about 80 % by volume of the non- 
condensable component. 

15 2 1 02. The method of claim 2078, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05/% by weight of the produced mixture is ammonia. 



20 



2103. The method of claim 2078; wherein the produced mixture comprises ammonia, 
and wherein the ammonia is usea to produce fertilizer. 

2104. The method of claim 2078, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



25 2 1 05. The method of clafim 2078, further comprising controlling formation conditions to 
produce the mixture, wljerein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



30 



2106. The method df claim 2105, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 
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2107. The method of claim 2078, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2108. The method of claim 2078, further comprising/controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



10 



2 1 09. The method of claim 2078, further comprising: 

providing hydrogen (H 2 ) to the heated ^ection to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with/heat from hydrogenation. 



15 



21 10. The method of claim 2078, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of thp produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



20 



2111. The method of claim 2078, wherein allowing the heat to transfer comprises 
increasing a permeability of a n/ajority of the selected section to greater than about 100 
millidarcy. 



25 



2112. The method of clainy2078, wherein allowing the heat to transfer further 
comprises substantially uni/ormly increasing a permeability of a majority of the selected 
section. 

2113. The method of clkim 2078, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 
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2114. The method of claim 2078, wherein producing the mixture comprises producing 



the mix^e in a production well, and wherein at le^t about 7 heat sources are disposed in 
the formation for each production well. 



5 2115. The method of claim 2078, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit pf heat source^, and wherein the unit of heat 
sources comprises a triangular pattern. 

10 2116. The method of claim 2078, furthe/ comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern/ and wherein a plurality of the units are repeated 
over an area of the formation to forny a repetitive pattern of units. 

15 

2117. A method of treating a hyd/ocarbon containing formation in situ, comprising: 

providing heat from one of more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
20 section of the formation; 

wherein the selected section is heated in a reducing environment during at least a 
portion of the time that the selected section is being heated; and 
producing a mixture /from the formation. 

25 2118. The method of claim 2117, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at leasjf some hydrocarbons within the selected section of the 
formation. 



30 2119. The method of claim 2117, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 
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2120. The method of claim 2117, wherein the one oj/more heat sources comprise 
electrical heaters. 

2121 . The method of claim 2117, wherein the /ne or more heat sources comprise 
surface burners. 

2 1 22. The method of claim 2117, wherei)?( the one or more heat sources comprise 
flameless distributed combustors. 

2123. The method of claim 2117, wl/erein the one or more heat sources comprise natural 
distributed combustors. 

2 1 24. The method of claim 211^, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2125. The method of claiA 2117, further comprising controlling the heat such that an 
average heating rate of thf selected section is less than about 1 °C per day during 
pyrolysis. 



2126. The method of claim 2117, wherein providing heat from the one or more heat 
sources to at least themortion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; anc 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 



\ 
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[^average heating rate of the 
tHe heating rate is less than about 10 

2127. The method of claim 2117, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

2128. The method of claim 2117, whereintoroviding heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greate/ than about 0.5 W/(m °C). 

2129. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2130. The method of claim 2 1 1 7/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abouy 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2131. The method of claim 21 1 7, wherein the produced mixture comprises non- 
condensable hydrocarbons, mid wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2132. The method of clattm 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2133. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



wherein Pwr is the heating energy/day, h is ; 
formation, p B is formation bulk density, and whereir 
°C/day. 
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2 1 34. The method of claim 2 1 1 7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by yyeight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



5 2135. The method of claim 2117, wherein the/produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing impounds, and wherein the oxygen 
containing compounds comprise phenols. 

10 2136. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2137. The method of claim 2117, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein lessihan about 5 % by weight of the condensable 
hydrocarbons comprises multi/ring aromatics with more than two rings. 



20 



2138. The method of claW 21 17, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltefnes. 



25 



30 



2139. The method of </laim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2 1 40. The method/of claim 2117, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and yherein the hydrogen is less than about 80 % by volume of the non- 
condensable confoonent. 
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2141. The method of claim 2117, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2 1 42 . The method of claim 2117, wherein the produced fixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2143. The method of claim 2117, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2 144. The method of claim 2117, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 



15 2145. The method of claim 2144, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



20 



2 1 46. The method of claim 2 1 1 7,/mrther comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



2147. The method of claim 21 17, further comprising controlling formation conditions 
by recirculating a portion oimydrogen from the mixture into the formation. 

25 2148. The method of claim 2117, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; andy 

heating a portion of the section with heat from hydrogenation. 



30 2 149. The method of claim 2117, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
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hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

2150. The method of claim 2117, wherein allowing me heat to transfer comprises 

5 increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

2151. The method of claim 2117, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

10 / 

2152. The method of claim 2117, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

15 2153. The method of claim 2117, wherein producing the mixture comprises producing 
the mixture in a production well, ana wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2154. The method of claim 2u7, further comprising providing heat from three or more 
20 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2155. The method of claim 21 17, further comprising providing heat from three or more 
25 heat sources to at least a/portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a tmangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

30 2156. A method of treating a hydrocarbon containing formation in situ, comprising: 

heating a first section of the formation to produce a mixture from the formation; 



v 
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heating a second section of the formation; and 

recirculating a portion of the produced mixture from/ the first section into the 
second section of the formation to provide a reducing environment within the second 
section of the formation. 

5 

2 1 57. The method of claim 2156, further comprising Maintaining a temperature within 
the first section or the second section within a pyrolys/s temperature range. 

2158. The method of claim 2156, wherein heating/the first or the second section 
10 comprises heating with an electrical heater. 

2159. The method of claim 2156, wherein hewing the first or the second section 
comprises heating with a surface burner. 

15 2160. The method of claim 2156, wherein/ heating the first or the second section 
comprises heating with a flameless distributed combustor. 



20 



25 



2161. The method of claim 2 1 56, whetein heating the first or the second section 
comprises heating with a natural distributed combustor. 

2 1 62. The method of claim 2 1 56, iurther comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 

2163. The method of claim k 1 5 6, further comprising controlling the heat such that an 
average heating rate of the first or the second section is less than about 1 °C per day 
during pyrolysis. 



30 2 1 64. The method of cl/iim 2156, wherein heating the first or the second section 
comprises: 
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heating a selected volume (V) of the hydrocarbon containing formation from one 
or more heat sources, wherein the formation has an averag^ heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 
5 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy/day, has an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
10 °C/day. / 

2165. The method of claim 2156, wherein heating the first or the second section 
comprises transferring heat substantiality conduction. 

15 2166. The method of claim 2156, wherein heating the first or the second section 

comprises heating the first or the second section such that a thermal conductivity of at 
least a portion of the first or the second section is greater than about 0.5 W/(m °C). 

2167. The method of claim 2156, wherein the produced mixture comprises condensable 
20 hydrocarbons having an API gravity of at least about 25°. 

2168. The method of claimf 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

25 / 

2169. The method of claim 2156, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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2 1 70. The method of claim 2 1 56, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 



2171. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 °/Jby weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2 1 72. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbonsyis sulfur. 

2173. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2174. The method of claim 2y56, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2175. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and whereip less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2176. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are aspnaltenes. 
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2 1 77. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



10 



2 1 78. The method of claim 2 1 56, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condenssmle component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % >oy volume of the non-condensable 
component, and wherein the hydrogen is less tljan about 80 % by volume of the non- 
condensable component. 

2 1 79. The method of claim 2 1 56, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



15 



2 1 80. The method of claim 2156, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



20 



2181. The method of claim 2156; further comprising controlling a pressure within at 
least a majority of the first or second section of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 

2182. The method of claims 156, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



25 2183. The method of claim 2 1 82, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



30 



2184. The method of claim 2156, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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2185. The method of claim 2156, further comprising: 

providing hydrogen (H2) to the first or second Action to hydrogenate 
hydrocarbons within the first or second section; and// 

heating a portion of the first or second section with heat from hydrogenation. 



10 



2186. The method of claim 2156, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2187. The method of claim 2156, wherein heating the first or the second section 
comprises increasing a permeability <ff a majority of the first or the second section to 
greater than about 100 millidarcy. 



15 2188. The method of claim 2156, wherein heating the first or the second section 

comprises substantially uniformly increasing a permeability of a majority of the first or 
the second section. 

2189. The method of clahd 2156, further comprising controlling the heat to yield greater 
20 than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



25 



2190. The method of claim 2156, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



30 



2191. The metftod of claim 2156, further comprising providing heat from three or more 
heat sources to /at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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2192. The method of claim 2156, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat Sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein it plurality of the units are repeated 

5 over an area of the formation to form a repetitive pattern of units. 

2193. A method of treating a hydrocarbon comaining formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; and / 
10 allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation such that a permeability of at least a portion of the selected 
section increases to greater than about 1 00 millidarcy. 

2194. The method of claim 2193, wherein the one or more heat sources comprise at 
15 least two heat sources, and wherein/superposition of heat from at least the two heat 

sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

2195. The method of claim 21 93 , further comprising maintaining a temperature within 
20 the selected section within apyrolysis temperature range. 

2196. The method of claim 2193, wherein the one or more heat sources comprise 
electrical heaters. / 

25 2 1 97. The method of claim 2193, wherein the one or more heat sources comprise 
surface burners. / 

2198. The method/of claim 2193, wherein the one or more heat sources comprise 
flameless distributed combustors. 
30 / 
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2 1 99. The method of claim 2193, wherein the one or more heat sources comprise natural 
distributed combustors. 

2200. The method of claim 2 1 93, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



2201 . The method of claim 2193, further comprising controlling the heat such that an 
10 average heating rate of the selected section p less than about 1 °C per day during 
pyrolysis. 



15 



20 



25 



2202 . The method of claim 2193, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (Vp of the hydrocarbon containing formation from the 
one or more heat sources, wherein me formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at |east some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by pe equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the Seating energy/day, h is an average heating rate of the 
formation, p B is formation/milk density, and wherein the heating rate is less than about 10 
°C/day. 

2203. The method of (£laim 2193, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



2204. The method jpf claim 2 1 93, wherein providing heat from the one or more heat 
30 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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/■. 

/ 

2205. The method of claim 2193, further comprisir^ producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. / 

5 / 

2206. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about \y % by weight of the condensable hydrocarbons 
are olefins. / 

10 / 

2207. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. / 

15 / 

2208. The method of claim 2^93, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 %/by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons As nitrogen. 

20 / 

2209. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

25 / 

2210. The methoa of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

30 



589 



Conley, Rose & Tayon, P.C. 



2211. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 



10 



2212. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight pf the condensable hydrocarbons are aromatic 
compounds. 



15 



2213. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 



20 



2214. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 Jo by weight of the condensable hydrocarbons are 
asphaltenes. 



25 



2215. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by /veight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



30 



22 1 6. The methocy of claim 2 1 93 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-oondensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 



590 



Conley, Rose & Tayon, P C. 



22 1 7. The method of claim 2 1 93, further comprising prc/ducing a mixture from the 



formation, wherein the produced mixture comprises ; 
about 0.05 % by weight of the produced mixture is ; 



onia, and wherein greater than 
onia. 



2218. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

10 2219. The method of claim 2193, further comprising controlling a pressure within at 
least a majority of the selected section of ttje formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2220. The method of claim 2193, furpier comprising controlling formation conditions to 
15 produce a mixture from the formatio^, wherein a partial pressure of H 2 within the mixture 
is greater than about 0.5 bar. 



20 



222 1 . The method of claim 222fJ, further comprising producing a mixture from the 
formation, wherein the partial pressure of H 2 within the mixture is measured when the 
mixture is at a production wen. 



25 



2222. The method of claim 2193, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2223 . The method oiVclaim 2193, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 



30 2224. The method of claim 2193, further comprising: 
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providing hydrogen (H 2 ) to the heated section to/hydrogenate hydrocarbons 
within the section; and / \ 

heating a portion of the section with heat from hydrogenation. 

5 2225 . The method of claim 2193, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produce^ condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

10 2226. The method of claim 2 1 93, furthe/ comprising increasing a permeability of a 
majority of the selected section to greater than about 5 Darcy. 

y 2227. The method of claim 2 1 93, wherein allowing the heat to transfer comprises 

CO substantially uniformly increasing / permeability of a majority of the selected section. 

C 15 

HF 2228. The method of claim 2 1^3, further comprising controlling the heat to yield greater 

ry than about 60 % by weight of /ondensable hydrocarbons, as measured by the Fischer 

^ Assay. 

ji 20 2229. The method of clai^n 2193, further comprising producing a mixture in a 

production well, wherein/at least about 7 heat sources are disposed in the formation for 
each production well. 

2230. The method of claim 2193, further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located An the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises/a triangular pattern. 

223 1 . The metttod of claim 2 1 93, further comprising providing heat from three or more 
30 heat sources toiat least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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10 



15 



sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2232. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; and j 

allowing the heat to transfer from the ope or more heat sources to a selected 

section of the formation such that a permeability of a majority of at least a portion of the 

selected section increases substantially uniformly. 



2233. The method of claim 2232, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

2234. The method of claim 22^2, further comprising maintaining a temperature within 
the selected section within a pvrolysis temperature range. 



2235. The method of claim 2232, wherein the one or more heat sources comprise 
20 electrical heaters. 

2236. The method of <?iaim 2232, wherein the one or more heat sources comprise 
surface burners. 

25 2237. The method />f claim 2232, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2238. The method of claim 2232, wherein the one or more heat sources comprise natural 
distributed compustors. 

30 
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2239. The method of claim 2232, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, 9r the temperature is controlled as 
a function of pressure. 

5 

2240. The method of claim 2232, further comprising controlling the heat such that an 
average heating rate of the selected section is le^s than about 1 °C per day during 
pyrolysis. 

10 2241 . The method of claim 2232, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V)oi the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at legst some hydrocarbons within the selected volume of 
15 the formation; and 

wherein heating energy/dky provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by me equation: 
Pwr = h*V*C v *p B J 
wherein Pwr is the heating energy/day, h is an average heating rate of the 
20 formation, p B is formation/Dulk density, and wherein the heating rate is less than about 10 
°C/day. 



25 



2242. The method oy claim 2232, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2243. The method of claim 2232, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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2244. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. / 

5 2245. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % py weight of the condensable hydrocarbons 
are olefins. / 

10 2246. The method of claim 2232, further/comprising producing a mixture from the 

formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. / 

15 2247. The method of claim 2232,yrurther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is rytrogen. 

20 2248. The method of clainy2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about l/% by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

25 2249. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than apout 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

30 2250. The method of claim 2232, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
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about 5 % by weight to about 30 % by weight of the cc^densable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 



5 225 1 . The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight yf the condensable hydrocarbons are aromatic 
compounds. 

1 0 2252. The method of claim 2232, furthfer comprising producing a mixture from the 
formation, wherein the produced mixrare comprises condensable hydrocarbons, and 
wherein less than about 5 % by weisnt of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

15 2253. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 °/pby weight of the condensable hydrocarbons are 
asphaltenes. 

20 2254. The method of cladm 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by jweight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



25 



2255. The methocyof claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 



30 
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2256. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises airfmonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

5 2257. The method of claim 2232, further comprising producing a mixture from the 

formation, wherein the produced mixture composes ammonia, and wherein the ammonia 
is used to produce fertilizer. / 

2258. The method of claim 2232, further/fcomprising controlling a pressure within at 
10 least a majority of the selected section o/the formation, wherein the controlled pressure 

is at least about 2.0 bar absolute. / 

2259. The method of claim 2232, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 

15 is greater than about 0.5 bar. / 

2260. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production/well. 

20 / 

2261 . The method of </laim 2232, further comprising altering a pressure within the 
formation to inhibit p/oduction of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

25 2262. The methc/d of claim 2232, further comprising producing a mixture from the 
formation and cc/ntrolling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2263. The method of claim 2232, further comprising: 
30 providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 
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1 . 

heating a portion of the section with heat from hydrogenation. 

2264. The method of claim 2232, further comprising/ 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



10 



2265. The method of claim 2232, wherein allcAving the heat to transfer comprises 
increasing a permeability of a majority of theyfeelected section to greater than about 100 
millidarcy. 



15 



2266. The method of claim 2232, fiirthe/ comprising controlling the heat to yield greater 
than about 60 % by weight of condensaple hydrocarbons, as measured by the Fischer 
Assay. 

2267. The method of claim 2232, |drther comprising producing a mixture in a 
production well, wherein at least ^oout 7 heat sources are disposed in the formation for 
each production well. 



20 2268. The method of claim 2Z32, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



25 



30 



2269. The method of cpim 2232, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2270. A method q|f treating a hydrocarbon containing formation in situ, comprising: 
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providing heat from one or more heat sources to/at least a portion of the 
formation; and 

allowing the heat to transfer from the one or r&ore heat sources to a selected 
section of the formation such that a porosity of a majority of at least a portion of the 
selected section increases substantially uniformly^ 



10 



2271. The method of claim 2270, wherein the/one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



2272. The method of claim 2270, further comprising maintaining a temperature within 
the selected section within a pyrolysii temperature range. 

15 2273. The method of claim 2270/ wherein the one or more heat sources comprise 
electrical heaters. / 

2274. The method of claim 2&70, wherein the one or more heat sources comprise 
surface burners. / 

20 / 

2275. The method of claim 2270, wherein the one or more heat sources comprise 
flameless distributed coinbustors. 

2276. The method oyclaim 2270, wherein the one or more heat sources comprise natural 
25 distributed combustors. 

2277. The method of claim 2270, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

30 a function of pressure. 
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I 

2278. The method of claim 2270, further comprising controlling the heat such that an 
average heating rate of the selected section is iess than about I °C per day during 
pyrolysis. / 

5 2279. The method of claim 2270, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least sorrie hydrocarbons within the selected volume of 
10 the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
15 formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

2280. The method of claim 2270, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

20 / 

2281 . The method of claim 2270, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

25 2282. The method oivclaim 2270, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at leajSt about 25°. 

2283. The method of claim 2270, further comprising producing a mixture from the 
30 formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein about 0. 1 % by weight to about 15 % by weight qf the condensable hydrocarbons 

i r / 

are olefins. / 

2284. The method of claim 2270, further comprising producing a mixture from the 

5 formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the Aon-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. / 

2285. The method of claim 2270, further comprising producing a mixture from the 
10 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen./ 

2286. The method of claim 2270, farther comprising producing a mixture from the 
15 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2287. The method of claim 2270, further comprising producing a mixture from the 
20 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 °/Jby weight, when calculated on an atomic basis, of the 
condensable hydrocarbons/is sulfur. 

2288. The method of cl&im 2270, further comprising producing a mixture from the 

25 formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight ti about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

30 2289. Themetho* 
formation, whereij 



of claim 2270, further comprising producing a mixture from the 
the produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

2290. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 



10 



15 



O 
■p 

ru 
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ru 
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229 1 . The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of theyfcondensable hydrocarbons are 
asphaltenes. 

2292. The method of claim 2270, furthe/comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about/30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

2293. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than abouy80 % by volume of the non-condensable component. 



25 2294. The method of claim 2270, further comprising producing a mixture from the 

formation, wherein theyproduced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weisnt of the produced mixture is ammonia. 



2295. The methodrof claim 2270, further comprising producing a mixture from the 
30 formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 
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2296. The method of claim 2270, further comprising controlling a pressure within at 
least a majority of the selected section of the formatioja, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

5 

2297. The method of claim 2270, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein/a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

10 2298. The method of claim 2270, further/comprising producing a mixture from the 
formation, wherein the partial pressure H2 within the mixture is measured when the 
mixture is at a production well. 

2299. The method of claim 2270, further comprising altering a pressure within the 
15 formation to inhibit production otynydrocarbons from the formation having carbon 
numbers greater than about 25. 



*U 20 



2300. The method of claim 2270, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 



25 



230 1 . The method of claim 2270, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; md 

heating a portion of the section with heat from hydrogenation. 



30 



2302. The memod of claim 2270, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 
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2303. The method of claim 2270, wherein allowing tj^e heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

5 2304. The method of claim 2270, wherein allowing the heat to transfer comprises 

substantially uniformly increasing a permeability of a majority of the selected section. 

2305. The method of claim 2270, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 

10 Assay. / 

2306. The method of claim 2270, further comprising producing a mixture in a 
production well, and wherein at least apout 7 heat sources are disposed in the formation 
for each production well. / 

15 / 

2307. The method of claim 2270,mirther comprising providing heat from three or more 
heat sources to at least a portion ot the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular ijattern. 

20 / 

2308. The method of claim/2270, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

25 over an area of the formation to form a repetitive pattern of units. 

2309. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

30 allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; and 
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controlling the heat to yield at least about 15 % by^we ! ight of a total organic 
carbon content of at least some of the hydrocarbon containing formation into condensable 
hydrocarbons. / i 

5 23 10. The method of claim 2309, wherein the oner or more heat sources comprise at 
least two heat sources, and wherein superpositiori of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

10 23 1 1 . The method of claim 2309, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

23 12. The method of claim 2309, wherein the one or more heat sources comprise 
electrical heaters. / 

15 / 

23 13. The method of claim 2109, wherein the one or more heat sources comprise 
surface burners. / 

23 14. The method of claim 2309, wherein the one or more heat sources comprise 
20 flameless distributed corrtbustors. 

23 15. The method ofyclaim 2309, wherein the one or more heat sources comprise natural 
distributed combusto/s. 

25 23 16. The methoa of claim 2309, further comprising controlling a pressure and a 

temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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23 1 7. The method of claim 2309, further comprising controlling the heat such that an 
average heating rate of the selected section is less than pout 1 °C per day during 
pyrolysis. 

5 23 1 8. The method of claim 2309, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least som/hydrocarbons within the selected volume of 
10 the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating ^nergy/day, h is an average heating rate of the 
15 formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



20 



2319. The method of claim 2309, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2320. The method of claim 2309, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



25 232 1 . The method/of claim 2309, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 



2322. The metliod of claim 2309, further comprising producing a mixture from the 
30 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

I 
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wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

2323. The method of claim 2309, further comprising producing a mixture from the 
5 formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 

wherein a molar ratio of ethene to ethane in/the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

2324. The method of claim 2309, further comprising producing a mixture from the 
10 formation, wherein the produced mixuire comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2325. The method of claim 23y09, further comprising producing a mixture from the 
15 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2326. The method of claim 2309, further comprising producing a mixture from the 
20 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2327. The methocy of claim 2309, further comprising producing a mixture from the 

25 formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 



30 2328. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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